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SUMMARY
D esign  and S y n th e s is  o f  5-H ydroxytryptam ine A n a lo g u es . -  The 
prim ary p r o c e s s e s  o f  drug a b so r p t io n ,  d i s t r i b u t io n , '  and m etab olism  
are o u t l in e d ,  and t h e i r  p o s s i b l e  in f lu e n c e  upon attem pted  c o r r e l ­
a t i o n s  between chem ical s t r u c tu r e  and p h arm aco log ica l a c t io n  
em phasised . T h e o r ie s  con cern in g  th e  mode o f  a c t io n  o f  drugs and 
i n  p a r t i c u la r  th e  r o l e  o f  th e  r e c e p to r  th e o r y  are r ev iew ed . The 
g e n e r a l  p h arm aco log ica l and p h y s i o l o g i c a l  p r o p e r t i e s  o f  5 -h y d ro x y -  
tryp tam in e  and r e la t e d  compounds are a l s o  d i s c u s s e d .  Current v ie w s  
co n cern in g  the' r o le  o f  endogenous 5 -hydroxytryptam ine  and th e  
n a tu re  o f  the  5-hydroxytryptam ine r e c e p to r  are in c lu d e d .
C erta in  p r e v io u s ly  r ep o r ted  compounds which may be regarded  as  
" l e s s  f l e x i b l e "  ana logu es  o f  5-hyd.roxytryptam ine and tryp tam in e  are  
n o te d  and a ttem p ts  to  prepare o th e r  s i m i l a r l y  " r ig id "  a n a lo g u es  are  
d e s c r ib e d .  Such compounds shou ld  prove u s e f u l  in  i n v e s t i g a t i o n s  
aimed at d e term in in g  th e  s t r u c t u r a l  req u irem en ts o f  the  5 -h y d ro x y -  
tryp tam in e  r e c e p to r .  Routes to  4 -  and 5 -a m in o - l , 3 > 4 ,5 - t e t r a h y d r o -  
b e n z fo ,d ]  in d o le  and th e  co rresp on d in g  6-hydroxy d e r i v a t i v e s ,  
3 - a m in o - 6 - h y d r o x y - l ,2 ,3 ,4 - t e t r a h y d r o c a r b a z o le ,  and 3 -a m in o -7 -  
h y d r o x y - l ,2 ,3 > 4 - t e t r a h y d r o c y c lo p e n t [b ] in d o le  are i n v e s t i g a t e d ,  and 
s u c c e s s f u l  s y n th e s e s  are r ec o rd ed .
The P ho tochem istry  o f  C e r ta in  S t e r o id s . -  The t r a n s fo rm a t io n s  
by which l i g h t - s e n s i t i v e  compounds are  m odified  under th e  in f lu e n c e  
o f  u l t r a v i o l e t  l i g h t  are  b r i e f l y  o u t l in e d  accord ing  to  th e  chromo- 
phore re sp o n s ib le  f o r  th e  i n i t i a l  e x c i t a t i o n ;  examples o f  such 
t r a n s fo rm a tio n s  a re  drawn, wherever p o s s ib le ,  from p re v io u s ly  
r e p o r te d  l ig h t - in d u c e d  r e a c t io n s  o f  ph arm aco lo g ica lly  and p h y s io l ­
o g ic a l l y  a c t iv e  m olecu les .
The p h o to ch em istry  o f  c o r t i s o n e  a c e t a t e ,  l l - k e t o p r o g e s t e r o n e  
and p r o g e s ter o n e  i n  e th a n o l  i s  r ep o rted ;  th e  major p rod u cts  i s o ­
l a t e d  from th e s e  r e a c t io n s  were th e  co rresp on d in g  5 c^-dihydro
s t e r o i d s  r e s u l t i n g  from p h o to c h e m ic a lly - in d u c e d  r e d u c t io n  o f  th e  
double bond. The p h o to ch em istry  o f  c e r t a in  3 - s u b s t i t u t e d  
6 - n i t r o c h o l e s t - 5 - e n e s  i s  a l s o  r ep o r ted ;  3 p - c h lo r o - ,  3 p -a c e to x y -  
and 3 p - t r i f l u o r o a c e t o x y - 6 - n i t r o c h o l e s t - 5 " en es  i n  e th a n o l  g a v e ,a s  
th e  major p r o d u ct ,  o h o le s t -r 4 -e n e -3 ,6 -d io n e ^ 3 -o x im e .  The 3-a- 
hydroxy d e r iv a t i v e  ( 6 - n i t r o c h o l e s t e r o l ) , however, gave no oxime 
but 3 [S ^ h yd roxych o lest-4 -en -6 -on e  and. 6 ( i - n i t r o c h o le s t - 4 - e n - 3 p - o l  as  
major p r o d u c ts .  The mechanism o f  form ation  o f  th e s e  p h o to -p ro d u o ts  
i s  d i s c u s s e d ;  th e  natu re  o f  th e  product would appear to  depend  
upon th e  s o lv e n t  employed f o r  th e  i r r a d i a t i o n ,  th e  s u b s t i t u e n t ,
and th e  w a v e len g th  o f  th e  r a d ia t io n  employed.
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INTRODUCTION
- 1 -
The a b i l i t y  o f  c e r t a in  chemical su b s tan ces  to  e x e r t  a v a r i e t y  
of  e f f e c t s  upon b io lo g ic a l  systems has been reco g n ised  s inoe  th e  
beg inn ing  of reco rded  history.*^ In  th e  b ro ad es t  sense th e se  
subs tances  a re  d e f in e d  as d ru g s  by the  p h arm aco lo g is t ,  a l though  
t h i s  term has v a r io u s  o th e r  connotations*  to  th e  c l i n i c i a n  a 
drug would be d e sc r ib ed  as a substance having  a b e n e f i c i a l  e f f e c t  
on man w hile to  th e  layman th e  term i s  g e n e ra l ly  reg a rd ed  as 
d e s c r ib in g  a substance  o f  a d d ic t io n .  In  t h i s  t h e s i s  a d rug  i s  
d e f in e d ,  no t in  i t s  th e r a p e u t ic  sense , bu t more g e n e ra l ly  as  a 
chemical substance which, i n  sm all q u a n t i t i e s ,  induoes an e f f e c t  
upon a b io lo g ic a l  system.
One o f  th e  fundamental aims o f  th e  pharm aco log is t and the  
m edicinal chemist i s  to  seek an ex p la n a t io n  of d rug  a c t io n  a t  a 
m olecular l e v e l  and hence to  develop gen e ra l t h e o r i e s  accoun ting  
fo r  th e se  a c t io n s .  However, as y e t  l i t t l e  i s  known conoem ing  th e  
r e l a t i o n s h i p  between the  s t r u c tu r e  and fu n c t io n  a t  c e l l u l a r  l e v e l  
o f  th e  macromolecules such as p r o te in s ,  l i p o p r o t e in s ,  ca rb o h y d ra tes  
and n u c le io  a c id s  which form th e  e lem ents o f  a b io lo g i c a l  system 
and must be invo lved  in  drug  a c t io n .  U n t i l  such in fo rm a tio n  i s  
a v a i la b le  p ro g re s s  w i l l  u n d ers tandab ly  be slow and even then  
th e re  s t i l l  remain th e  in h e re n t  d i f f i c u l t i e s  a s s o c ia te d  w ith  th e  
high  com plexity  o f  th e  b io lo g ic a l  system and th e  p o ly fu n c t io n a l  
s t r u c tu r e  o f  many o f  th e  drugs under exam ination . There i s  a 
d i s t i n c t  p o s s i b i l i t y  t h a t  o th e r  f a c t o r s ,  as y e t  u n a p p rec ia te d ,  
a lso  in f lu e n c e  drug a c t io n  and th e reb y  hamper in v e s t i g a t i o n s  
aimed a t  c o r r e l a t i n g  th e  response  induced by a drug w ith  i t s  
p h y s ic a l  and chemical p r o p e r t i e s .
I n  any a ttem pt to  e x p la in  th e  mechanism o f  drug a c t io n  on 
complex b io lo g ic a l  systems c e r t a in  f a c t o r s  must be tak en  in to
c o n s id e ra t io n ;  th e se  in c lu d e  th e  ro u te  o f  a d m in is t r a t io n ,  
ab so rp tio n  by and d i s t r i b u t i o n  th roughout th e  body, and th e  r a t e  
o f  metabolism o f  th e  d rug . These p ro c e s s e s ,  a lthough no t hav ing  
any u l t im a te  s ig n i f ic a n c e  in  term s o f  th e  m o lecu la r  i n t e r a c t i o n  o f  
th e  drug w ith  th e  b io lo g ic a l  system, can p ro found ly  in f lu e n c e  th e  
a c t i v i t y  o f  th e  d rug .
I t  i s  now g e n e ra l ly  accep ted  t h a t  i n  o rd e r  to  e x e r t  i t s  
b io lo g ic a l  e f f e c t  a drug must ga in  aocess  to  th e  b iophase — t h a t  
reg io n  su rround ing  th e  s i t e  a t  which i t  i s  b e l ie v e d  to  a c t .  I t  i s  
e s s e n t i a l  th e r e fo r e  t h a t  th e  a b s o rp t io n ,  d i s t r i b u t i o n  and r a t e  o f  
metabolism should be fav o u rab le  i f  th e  drug i s  to  be t r a n s p o r te d ,  
i n  an a c t iv e  form, to  th e s e  s i t e s  o f  a c t io n  i n  a c o n c e n tra t io n  
s u f f i c i e n t  to  i n i t i a t e  th e  p ro ce s se s  which a re  re sp o n s ib le  f o r  th e  
observed e f f e c t .
DRUG TRANSFERENCE-AND METABOLISM
The ab so rp tio n  and d i s t r i b u t i o n  o f  th e  drug in v o lv e s  i t s  
passage ac ro ss  v a r io u s  body membranes; th e  p ro o esse s  by which t h i s  
occurs may be grouped in to  two c l a s s e s ,  dependent upon whether th e  
membrane a c ts  i n  a p a ss iv e  o r  an a c t iv e  manner.
P a ss iv e  t r a n s f e r  i s  c h a ra c te r i s e d  by an i n e r t  membrane, th e
r a t e  o f  drug t r a n s f e r  b e in g  p ro p o r t io n a l  to  th e  c o n c en tra t io n
g ra d ie n t  e x i s t i n g  ac ro ss  i t .  A r e l a t i v e l y  simple model f o r  t h i s
2system has been proposed by L a n i e l l i  and Harvey; th e  membrane, 
th e y  su g g es t ,  i s  comprised o f  a b im o lecu la r  l i p i d  l a y e r  c o n ta in in g  
w ater f i l l e d  p o res  and covered w ith  a monomoleoular p r o te in  l a y e r  
on each s id e .  More complex s t r u c t u r e s  have a lso  been p roposed .^  
L ip id  so lu b le  m olecules p ass  through th e  membrane a t  a r a t e  
p ro p o r t io n a l  to  t h e i r  l i p i d - w a t e r  p a r t i t i o n  c o e f f i c i e n t  w hile 
l i p i d  in s o lu b le  m olecules sim ply d i f f u s e  th rough  po res  a t  a 
r a t e  dependent upon t h e i r  m olecu lar  w e ig h ts ,  sm a lle r  m olecules 
p a s s in g  more r a p id ly  than  l a r g e r  ones. The b u cc a l ,  g a s t r i c  and
- 3-
4i n t e s t i n a l  mucosa a c t  as l i p o i d a l  b a r r i e r s ,  most drugs c r o s s in g  
t h e s e  by a s im ple  n o n - io n ic  d i f f u s i o n  p r o c ess#
I n c r e a s e d  a b so rp t io n  o f  a p o o r ly  absorbed drug i s  som etimes  
accom plish ed  by a chem ical m o d i f ic a t io n  o f  th e  drug which i n c r e a s e s  
th e  l ip i d - w a t e r  p a r t i t i o n  c o e f f i c i e n t  or  d e c r e a s e s  i o n i z a t i o n .  
However, th e  a p p l i c a t io n  o f  such m o d i f i c a t io n s  i s  l i m i t e d ,  and th e  
problem i s  f u r t h e r  co m p lica ted  by th e  in terd ep en d en ce  o f  th e  v a r io u s  
o th e r  f a c t o r s  in v o lv e d  i n  drug a c t io n s  th e  m o d if ied  drug w i l l  
alm ost c e r t a i n l y  p o s s e s s  an e n t i r e l y  n o v e l  s e t  o f  p h y s ic a l  and 
chem ical param eters which, a lth ou gh  a l lo w in g  in c r e a s e d  a b s o r p t io n ,  
may ren der  th e  drug i n a c t i v e  or p rev en t  i t  from even r e a c h in g  i t s
s i t e  o f  a c t i o n .  An i n t e r e s t i n g  e x te n s io n  o f  drug m o d i f i c a t io n  i s
5
t h a t  d e sc r ib e d  by Harper as  drug l a t e n t i a t i o n  i n  which th e  drug i s  
o h e m ica l ly  m o d if ied  to  c o n fe r  upon i t s  d e r iv a t i v e  s p e c i f i c  
a b so rp t io n  and d i s t r i b u t i o n  p r o p e r t i e s .  R eg en era tio n  o f  th e  a c t i v e  
s p e c i e s  from a d m in is tered  m o d if ied  m a te r ia l  o ccu rs  w i t h in  th e  body  
a f t e r  th e  d e s ir e d  a b so rp t io n  and d i s t r i b u t i o n .
6
Drugs may a l s o  t r a v e r s e  membranes by a f i l t r a t i o n  p r o c e s s  
when a h y d r o s t a t ic  or  o sm otic  p r e ssu r e  g r a d ie n t  e x i s t s  a c r o s s  th e  
membrane. Under th e  i n f lu e n c e  o f  th e  p r e s su r e  g r a d ie n t  w ater  f lo w s  
through th e  membrane p ores  c a r r y in g  w ith  i t  any m o lec u le  h av in g  
dim ension s s m a l le r  than  th e  pore s i z e .
Some la r g e  l i p i d - i n s o l u b l e  m o le c u le s  are a l s o  known to  p e n e tr a te  
c e r ta in  membranes; t o  e x p la in  t h i s ,  and a l s o  th e  movement o f  c e r t a in  
s p e c i e s  a g a in s t  a c o n c e n tr a t io n  or i o n i c  g r a d ie n t ,  th e  concept o f  
a c t i v e  or s p e c i a l i s e d  tr a n sp o r t  was in tr o d u c e d .  The t r a n s f e r  o f  a 
drug from one s id e  o f  a membrane t o  th e  o th e r  by t h i s  p r o c e s s  i s  
thought t o  in v o lv e  a complex, com prised o f  a membrane component, 
( c a r r i e r )  and th e  drug m o le c u le ,  which t r a v e r s e s  th e  membrane and 
decomposes on r e a c h in g  th e  o th e r  s id e  t o  g iv e  th e  unchanged drug
- 4-
m olecu le  and c a r r i e r .  The l a t t e r  may then  be e n z y m a t ic a l ly  
d e s tr o y e d ,  m igrate  back to  i t s  o r ig i n a l  s id e  o f  the  membrane to  
r ep ea t  th e  p r o c e s s ,  or i n  some in s t a n c e s  complex w ith  a n o th er
7
m olecu le  which i t  t r a n s p o r t s  to  th e  f i r s t  s id e  o f  the  membrane.
Such tr a n sp o r t  system s are p r e se n t  i n  th e  g a s t r o - i n t e s t i n a l  
mucosa f o r  th e  a c t i v e  a b so r p t io n  o f  c e r t a in  n a tu r a l  s u b s t r a t e s  
and p rov id e  a means o f  drug a b s o r p t io n ,  prov id ed  th e  drug has a 
s im i la r  s t r u c tu r e  to. t h a t  o f  th e  n a tu ra l  s u b s t r a t e .  Thus f o r e ig n  
su gars s im i la r  to  g lu c o se  are absorbed by th e  sa c ch a r id e  tr a n sp o r t
Q
p r o c e s s  and 5-TTu° r o u r a c i l  i s  absorbed by th e  n a tu r a l  u r a c i l  and
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thymine tr a n sp o r t  sy s tem s . A c t iv e  tr a n sp o r t  p r o c e s s e s  a l s o  
op era te  at many o th er  membrane s u r fa c e s :  th e  s e c r e t i o n  o f  hydrogen
io n s  i n  th e  stomaclPand th e  l o s s  o f  sodium io n s  from nerve  and 
muscle c e l l s ^  are both  undoubtedly  a c t i v e  p r o c e s s e s .
There i s  a l s o  e v id en ce  th a t  uptake o f  both  la r g e  and sm all
m o lecu la r  w eigh t su b s ta n c e s ,  which might o th e rw ise  be ex c lu d ed  from
12th e  c e l l ,  o ccu rs  by y e t  another  mechanism, termed p i n o c y t o s i s .
As a r e s u l t  o f  in v a g in a t io n  th e  c e l l  membrane e n g u l f s  d r o p le t s  
c o n ta in in g  th e  m o le c u le s  to  be absorbed which th en  p a ss  i n t o  th e  
c e l l  i n t e r i o r .  The p r o c e s s  i s  s im i la r  to  p h a g o c y to s is  i n  which  
b a c t e r ia  are e n g u lfe d  by amoeboid c e l l s .
Drugs which a c t  upon th e  c e n tr a l  nervous system  p e n e tr a te  th e  
s e r i e s  o f  membranes which p r o t e c t  th e  b r a in  and c e r e b r o sp in a l  f l u i d  
from f o r e ig n  m o le c u le s ;  th e s e  have become known as the  b lo o d *b ra in  
and b lood - cerebrospinal**' f l u i d  b a r r ie r s  * both  e x h i b i t i n g  l i p i d  
boundary c h a r a c t e r i s t i c s .  The s e l e c t i v i t y  o f  th e s e  b a r r ie r s  t o  
v a r io u s  m o le c u le s  has been e x t e n s i v e l y  s tu d ie d ,  and th e  work 
summarised in  a number o f  r e c e n t  r e v i e w s . ^  L ip id  s o l u b i l i t y  has  
been shown to  be th e  dominant f a c t o r ;  h ig h ly  io n iz e d  m o le c u le s  
w ith  low l i p i d  s o l u b i l i t y  p e n e tr a te  th e s e  membranes o n ly  s lo w ly ,  
i f  a t a l l .  C erta in  o th e r  su b s ta n c e s ,  however, such as tryp top h an ,
- 5-
which are not p a r t i c u l a r l y  l i p i d  s o l u b l e ,  are thought to  e n t e r ' t h e
14b r a in  by a c t i v e  t r a n s p o r t  p r o c e s s e s .  In  c o n tr a s t  t o  t h e i r
p a ssa g e  i n t o  th e  b r a in ,  th e  e g r e s s  o f  drugs from th e  c e r e b r o s p in a l
f l u i d  d oes  not appear to  be so dependent upon l i p i d  s o l u b i l i t y .
F i l t r a t i o n  and a c t i v e  tr a n sp o r t  p r o c e s s e s  have been proposed  to
15e x p la in  t h i s  e f f e c t .
A lthough th e  b lo o d -b r a in  and b lo o d -c e r e b r o s p in a l-  f l u i d  b a r r ie r s  
have s im i la r  p e r m e a b i l i t y  p r o p e r t i e s  to  f o r e ig n  m o le c u le s ,  t h e i r  
anatom ica l s t r u c t u r e s  are q u i te  d i f f e r e n t .  The b lo o d -c e r e b r o sp in a l-  
f l u i d  b a r r ie r  i s  thought to  c o n s i s t  l a r g e l y  o f  th e  e p i th e l iu m  o f  the  
ch o ro id  p le x u s e s ,  w h ile  th e  b lo o d -b r a in  b a r r ie r  appears to  be e i t h e r  
th e  b r a in  c a p i l l a r y  w a l l  or i t s  surrounding  l a y e r  o f  g l i a l  c e l l s .
The s t a b i l i t y  o f  th e  drug to  m e ta b o l ic  breakdown i s  o f  equal  
im portance to  i t s  e f f e c t i v e  tr a n sp o r t  i n  i n f l u e n c in g  th e  c o n c e n tr a t io n  
o f  a c t i v e  m a te r ia l  i n  th e  b io p h a se ,  and i t  i s  t h i s  c o n c e n tr a t io n  
which i s  o f  prime Importance i n  d e term in in g  th e  magnitude and d u ra tion  
o f  th e  r e s p o n s e .  The m e ta b o l ic  p r o c e s s e s  ten d  to  p r o t e c t  th e  body 
from t o x i c  compounds by m od ify in g  f o r e ig n  m o le c u le s  t o  m e t a b o l i t e s ,  
which are g e n e r a l ly  l e s s  a c t i v e  and more e a s i l y  e x c r e te d .  T h e ir  
c a p a c ity  to  f u l f i l  t h i s  f u n c t io n ,  however, i s  l im i t e d ;  some drugs
are not d e t o x i f i e d  w h ile  c e r t a i n  o th e r s  are co n verted  i n t o  even more 
16
t o x i c  p r o d u c ts .
M etabolism , or b io tr a n s fo r m a t io n ,  in v o lv e s  one or more enzymes 
b e lo n g in g  to  th e  s i x  major c l a s s i f i c a t i o n s  r e c o g n ise d  by th e
17I n t e r n a t io n a l  Union o f  B io ch em is tr y  i n  19^4* These are numbered 
as f o l lo w s :  1 -  o x id o r e d u c ta se s  (enzymes capab le  o f  o x id a t io n  or  
r e d u c t io n ) ;  2 -  t r a n s f e r a s e s  (enzymes capab le  o f  m e th y la t io n ,  
a c e t y l a t io n  e t c . ) ;  3 -  h y d r o la s e s ;  4 -  l y s a s e s  (enzymes capable  
o f  removing groups from a s u b s tr a te  by a n o n -h y d r o ly t ic  p r o c e s s ) ;
5 -  iso m e ra se s ;  6 -  l i g a s e s  (o r  s y n t h e t a s e s ) .  The p r o c e s s  o ften ,
though not always, c o n s i s t s  o f  two p hases ; th e  f i r s t  may be
o x id a t io n ,  r e d u c t io n  or h y d ro ly s is ,  o r  a com bination of th e s e ,  
fo llow ed by th e  second phase in v o lv in g  enzymes o f  groups two or 
s i x .  C onjugation by l i g a s e s  c o n s i s t s  o f  com bination o f  th e  f i r s t  
phase p roduct w ith  an amino ac id  or ca rb o h y d ra te .  Thus, l y s e r g i c  
ac id  d ie thy lam ide  ( I )  i n  th e  r a t  i s  f i r s t  h y d roxy la ted , p robab ly  
in  th e  1 2 - p o s i t io n ,  and then  con jugated  to  g ive th e  more so lu b le
i----- 0 ------ 1
/3-glucuronide -CHCCHOHJ^CH-COOH) of h y d ro x y ly se rg ic  ac id
and th e  (3-glucuronide t i l l ;  R- -CH^CHOH^CH-COOH) o f  hyd roxy iso -  
ly s e r g i c  a c id .  These m e ta b o l i te s  have been found in  th e  b i l e
+ * 18 e x c r e t io n .
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O x id a tio n  i s  th e  most common i n i t i a l  m e ta b o l ic  p r o c e s s ;  
a lc o h o ls  are o x id i s e d  to  a ld eh y d es  and a c id s ,  hydrocarbon m o ie t i e s  
are h y d ro x y la ted  and c y c l i c  s t r u c t u r e s  o x i d a t i v e l y  c le a v e d .
Other o x id a t io n  r e a c t i o n s  in c lu d e  o x id a t iv e  d ea m in ation , d e h a lo g -  
e n a t io n  and d e a lk y la t io n ,  w h ile  some compounds are o x id is e d  as fa r  
as carbon d i o x i d e .  R ed u ctio n s are l e s s  common; a ld eh yd es and 
k e to n e s  are reduced i n  th e  body to  a l c o h o l s ,  n itro-com pounds to  
amines, o f t e n  v i a  hydroxylam ine in t e r m e d ia t e s ,  but th e  s a t u r a t io n  
o f  carbon-carbon double  bonds appears c o n f in e d  to  th o s e  compounds 
in  which t h i s  f u n c t io n  i s  c o n ju g a ted , g e n e r a l ly  w ith  a carbonyl  
group. H y d r o ly s is  i s  a commonly ob served  p r o c e s s  d u r in g  m etabolism , 
e s t e r s  and amides f o r e ig n  to  th e  body b e in g  c le a v e d  by enzymes o f
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t h e  b lood  plasma and c e l l s #  H y d r o ly s is  i s  o f t e n  r e s p o n s ib le  f o r  
th e  r e a c t i v a t i o n ,  by removal o f  th e  p r o t e c t i n g  group, o f  c e r t a in  
drugs m o d if ied  t o  in c r e a s e  a b so rp t io n  or f a c i l i t a t e  d i s t r i b u t i o n
( s e e  page 3 ) .
The m e ta b o l i t e  from th e  f i r s t  phase and th e  s p e c i e s  o f  th e
animal determ ine which type  o f  c o n ju g a t io n  r e a c t io n  i s  in v o lv e d  i n
19th e  second phase: p h e n y la c e t ic  a c id  i s  con ju g a ted  i n  man w ith
g lu tam ine  whereas i n  most o th e r  an im a ls ,  ex cep t  i n  th e  hen, i t  
c o n ju g a te s  w ith  g ly c e r in e  and g lu c u r o n ic  a c id .  In  th e  hen o r n i th in e  
i s  th e  c o n ju g a t in g  a g e n t .
M etab o lic  breakdown o f  a drug i s  i n i t i a t e d  by enzym atic  a t t a c k .  
S u b s t i t u t io n  a t ,  or  c l o s e  t o ,  th e  c e n tr e s  known to  be in v o lv e d  i n  
t h e s e  r e a c t io n s  has been employed i n  c e r t a i n  in s t a n c e s  to  produce  
drugs h av in g  an in c r e a s e d  r e s i s t a n c e  to  m e ta b o l ic  d eco m p o sit io n .  
P a r t i a l  p r o t e c t io n  o f  c in ch o n in e  ( I V) ,  which i s  m e ta b o l is e d  by
HO. HQ
CH CH
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o x id a t io n  i n i t i a l l y  a t th e  2 1- p o s i t i o n ,  has been a ch iev ed  by 2 f-  
20p h e n y la t io n ;  2 '-p h e n y lc in c h o n in e  (V) has tw ic e  th e  a n t ip la s m o d ia l
a c t i v i t y  o f  q u in in e .  t
STRUCTURAL SPECIFICITY
The stu d y  o f  drug a c t io n  has l e d  to  th e  d i v i s i o n  o f  compounds
21e x h i b i t in g  b i o l o g i c a l  a c t i v i t y  i n t o  two g en era l  c l a s s e s :  th o s e
whose b i o l o g i c a l  a c t i v i t y  i s  p ro fo u n d ly  a l t e r e d  by minor
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changes i n  t h e i r  chemical s t r u c t u r e  a re  r e f e r r e d  to  as s t r u c t u r a l l y
s p e c i f i c  d rugs , and those  which p o sse ss  w idely  d iv e rs e  chem ical
s t r u c t u r e s  bu t induce s im i la r  b io lo g ic a l  re sp o n se s ,  as s t r u c t u r a l l y
n o n - s p e c i f ic  d ru g s .  I t  has been suggested  t h a t  th e s e  two c l a s s e s ,
i n  t h e i r  id e a l  form, r e p re s e n t  two extrem es ly in g  a t  e i t h e r  end of
22a broad spectrum o f  drug a c t i v i t y ,  so t h a t  i n  p r a c t i c e  one can 
env isage  a l l  drugs as p o s se s s in g  both  s t r u c t u r a l l y  s p e c i f i c  and non­
s p e c i f i c  p r o p e r t i e s  to  v a ry in g  degrees  and a drug w i l l  be c la s s e d  
acco rd ing  to  which o f  th e se  p r o p e r t i e s  p redom inate .
S t r u c t u r a l l y  s p e c i f i c  drugs are  g e n e ra l ly  regarded  as a c t in g  . 
a t  a p a r t i c u l a r  c e l l u l a r  r e a c t io n  s i t e  which has been term ed the  
r e c e p to r .  S t r u c t u r a l l y  n o n - s p e c i f ic  d rugs, however, a re  thought to  
a c t  r a th e r  more in d i s c r im in a te ly ,  c e r t a i n  p h y s ic a l  p r o p e r t i e s  
appearing  to  be more im portan t than  t h e i r  p r e c i s e  chemical s t r u c t u r e .
23T h is  view was in h e re n t  in  th e  work o f  C lark  who in tro d u c e d  
evidence f o r  two gen e ra l ty p e s  o f  drug a c t io n  by e s t im a t in g  th e  
p o s s ib le  c e l l  su r fa c e  covered by a number o f  su b s ta n ce s .  His r e s u l t s  
showed t h a t  c e r t a in  drugs were ab le  to  induce an e f f e c t  w ith  low c e l l  
su r fa ce  coverage w hile i t  appeared t h a t  o th e rs  re q u ire d  a com plete, 
o r  n ea r  com plete, monolayer over th e  c e l l  s u r fa c e .  C lark  proposed 
th e r e f o r e  t h a t  c e r t a in  drugs a c t  by some p h y s ic a l ,  o r  physicochem ical 
p ro cess  w hile o th e rs  a f f e c t  on ly  c e r t a in  a re a s  o f  th e  c e l l s .
S t r u c tu r a l l y  n o n - s p e c i f ic  d ru g s .
The b io lo g ic a l  a c t i v i t y  a s s o c ia te d  w ith  s t r u c t u r a l l y  non­
s p e c i f i c  drugs i s  p r im a r i ly  dependent upon t h e i r  p o s se s s in g  • 
fav o u rab le  p h y s ic a l  p r o p e r t i e s .  The most im p o rtan t group o f  drugs 
which a re  regarded  as a c t in g  s t r u c t u r a l l y  n o n - s p e c i f io a l ly  are  the  
g en e ra l  a n a e s th e t ic s  and much r e s e a rc h  i n  t h i s  f i e l d  has been 
d i r e c te d  tow ards e lu c id a t in g  t h e i r  mode o f  a c t io n .  Attempts have
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been made to  c o r r e l a t e  t h i s  a c t i v i t y  w ith  vapour p r e s s u r e , ^
25b o i l i n g  p o in t ,  d i s t r i b u t i o n  c o e f f i c i e n t  between aqueous and non—
26 . 27 aqueous phases , and a b i l i t y  to  lower su rfa ce  te n s io n .  More •
28r e c e n t ly  th e  a b i l i t y  to  form c l a t h r a t e  c r y s t a l s ,  o r  to  induce a
29h ig h e r  degree o f  o rd e r  in  th e  su rround ing  w ater m olecules has 
been proposed to  account f o r  t h e i r  pharm acological p r o p e r t i e s .
The physico-chem ical th e o r i e s  c u r r e n t ly  of  im portance may be
d iv id e d  in to  two groups: th o se  concerned w ith  d i s t r i b u t i o n  between
26l i p i d  and aqueous phases , f i r s t  in tro d u c e d  by Meyer and Overton,
and th o se  based upon th e  a b i l i t y  o f  th e  drug to  o rd e r  the
su rround ing  w ate r  m olecules o f  th e  aqueous phase , proposed
2 8  29in d ep en d en tly  by P au lin g  and M i l l e r .  Support f o r  th e  aqueous 
phase th e o r ie s  i s  fu rn ish e d  by evidence t h a t  xenon a c ts  as a 
g enera l a n a e s t h e t i c ; ^  t h i s  gas , a l though  chem ica lly  very  un­
r e a c t iv e  does, l i k e  many o th e r  gaseous a n a e s th e t ic s ,  form c la th ra te  
c r y s t a l s .
The o r ig in a l  Meyer-Overton h y p o th e s is  has been m odified by
31 32Ferguson, and Brink and P o s te m a k  who s u b s t i tu t e d  a c t i v i t i e s
f o r  c o n c e n tra t io n s ,  and extended by M u l l i n s ^  who suggested
m olecu lar  s iz e  to  be a c r i t e r i o n  f o r  a c t i v i t y .
The more r e c e n t  th e o r i e s  o f  P au l in g  and M i l le r  ex tend th e  
d e s c r ip t io n  o f  drug a c t io n ;  th ey  a ttem pt to  d e s c r ib e  the  mechanism 
by which th e  drug i n i t i a t e s  th e  p ro cesses  which le a d  to  a n a e s th e s ia  
r a t h e r  than  m erely  c o r r e l a t i n g  the  a c t i v i t y  w ith  some p h y s ic a l  
p ro p e r ty  o f  th e  drug. P a u lin g  env isages  th e  fo rm ation  of gas 
hydra te  m ic ro c ry s ta ls  in  th e  "encepha lon ic  f l u id "  s t a b i l i s e d  by 
th e  in c lu s io n  o f  e l e c t r i c a l l y  charged p r o te in  s id e  cha ins  and ions 
w ith in  th e  c a g e - l ik e  s t r u c t u r e .  The r e s u l t i n g  r e s t r i c t i o n  on the  
movement o f  th e  charged sp e c ie s  in  th e  “encephalon ic  f l u i d , "  i t  i s  
suggested , causes th e  f a i l u r e  of c e r t a in  c e n t r a l  p ro cesses  which
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l e a d  to  a n a e s th e s ia .
M i l l e r ’s th e o ry  o f  a n a e s th e s ia  i s  e s s e n t i a l l y  th e  same as t h a t  
o f  P au lin g  but e l im in a te s  th e  thermodynamic u n f a v o u r a b i l i ty  o f  th e  
hy d ra te  m ic r o c r y s ta l ; th e  phase su rround ing  th e  gas m olecule i s  
th e r e f o r e  d e sc r ib e d  as "more ordered  w ate r '’ r a t h e r  th an  a t r u e  
c r y s t a l .  The b u i ld  up of o rdered  w ate r,  or " i c e - c o v e r ,11 as  i t  i s  
term ed, a t  a membrane s u r fa c e ,  i s  thought to  a f f e c t  th e  nerve 
conduction  and t r a n sm is s io n  r e s u l t i n g  in  a n a e s th e s ia .
D isc r im in a t io n  between th e  l i p i d  s o l u b i l i t y  and '’i c e - c r y s t a l ' ’
t h e o r i e s  i s  d i f f i c u l t  as any c o r r e l a t i o n  between a n a e s th e t ic  a c t i v i t y
and a p ro p e r ty  dependent upon thO in te rm o le c u la r  i n t e r a c t i o n  energy
between th e  a n a e s th e t ic  agent and o th e r  m olecules would g ive e q u a l ly
28s a t i s f a c t o r y  r e s u l t s .
 ^ j
However, more re c e n t  work u s in g  f l u o r i n a te d  a lk an es ,  which i n  
s o lu t io n  e x h ib i t  l a rg e  p o s i t iv e  d e v ia t io n s  from id e a l  s o l u b i l i t y  
behav iour, i s  claimed to  p rov ide  no evidence o f  a physico-chem ioal 
n a tu re  t h a t  th e  aqueous phase o f  th e  c e n t r a l  nervous system i s  th e  
s i t e  o f  a c t io n  of th e se  a n a e s th e t i c s .  The c r i t i c a l  phase i s  
cons idered  to  be non-aqueous.
S t r u c tu r a l l y  s p e c i f i c  d ru g s .
S t r u c tu r a l l y  s p e c i f i c  drugs are  g e n e ra l ly  cons idered  as 
complexing w ith  c e r t a in  c e l l u l a r  r e c e p to r s  as a d i r e c t  consequence 
o f  c e r t a in  s t r u c t u r a l  and chemical f e a t u r e s  o f  bo th  th e  drug  and i t s  
r e c e p to r .  The a g o n is t  i s  thought to  have a complementary s t r u c tu r e  
to  th a t  o f  th e  r e c e p to r ,  and owing to  th e  r e l a t i v e l y  weak fo rc e s  
which are  g e n e ra l ly  invo lved  a very  c lo se  f i t  between drug and re c e p to r
i s  e s s e n t i a l  f o r  complex fo rm a tio n . The drug r e c e p to r  has been
35d esc r ib ed  by S chueler  as ”a p a t t e r n  R o f  fo rc e s  of d iv e rse  o r ig in  
forming a p a r t  o f  some b io lo g ic a l  system and hav ing  roughly  th e  same
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dim ensions as a c e r t a in  p a t t e r n  M o f  f o rc e s  r e p re se n te d  by th e  drug
m olecu le | such t h a t  between p a t t e r n s  M and R a r e l a t i o n s h i p  o f
com plem entarity  f o r  i n t e r a c t i o n  e x i s t s * 11 T h is  d e f i n i t i o n  r e f l e c t s
th e  la c k  o f  d e t a i l e d  in fo rm a tio n  a v a i la b le  concern ing  th e  n a tu re  o f
r e c e p to r s .  Although th e re  have been c la im s f o r  th e  i s o l a t i o n  o f
36c e r t a i n  r e c e p to r s ,  th e se  have no t been f u l l y  s u b s t a n t i a t e d .
D ire c t  exam ination  o f  r e c e p to r s  i s  no t p o s s ib le  a t  t h i s  tim e, 
and co n c lu s io n s  concern ing  t h e i r  s t r u c t u r e s  a re  f r e q u e n t ly  deduced 
i n d i r e c t l y  from s t r u c t u r e - a c t i o n  s tu d ie s  o f  th e  drugs which a re
b e l ie v e d  to  complex w ith  th e se  re c e p to rs*  Such s tu d ie s  have le d  to
37 38th e  p i c t o r i a l  r e p r e s e n ta t io n  o f  th e  n i c o t i n i c  and m u scar in ic
39r e c e p to r s  f o r  a c e ty lc h o l in e ,  th e  a n a lg e s ic  r e c e p to r ,  and th e
40 41 42r e c e p to r s  f o r  a d re n a l in e ,  th y ro id  hormones, 5-*kydroxytryptamine
43and c e r t a in  s t e r o i d s .
The prim ary  i n t e r a c t i o n  between th e  drug and th e  c e l l  i s  a t  th e  
e x te rn a l  c e l l  su r fa ce  and a lthough t h i s  su r fa c e  a c ts  as th e  
r e c e p to r  f o r  on ly  c e r t a in  d rugs , a knowledge o f  i t s  chemical 
n a tu re  i s  im portan t in  any attem pt to  e lu c id a te  d ru g - re c e p to r  
i n t e r a c t i o n s .  Drugs which a c t  i n t r a c e l l u l a r l y  are  thought to  do so 
by i n t e r f e r i n g  i n  some way w ith  enzyme a c t i v i t y .
44S t r u c tu r a l  s tu d ie s  on c e r t a in  c e l l s  i n d ic a t e  t h a t  t h e i r  
e x te rn a l  su r fa ce  c o n s i s t s  o f  a m a tr ix  o f  p r o te in  m olecules l in k e d  
w ith  m ucopolysaccharide m olecu les . The p r o te in  m a tr ix  p r e s e n t s  a 
v a r ia b le  su r fa c e  o f  p o s s ib le  bonding s i t e s :  n o n -p o la r  a rea s
c o n s i s t in g  o f  a l i p h a t i c  s id e  cha in s  and arom atic  n u c l e i ,  w hile  
hydroxyl groups, amides, u n ion ized  c a rb o x y l ic  a c id s  and amines 
comprise th e  p o la r  a re a  o f  th e  su rfa ce  capable  of hydrogen bonding. 
P ro to n a ted  amino groups and n e g a t iv e ly  charged d i s s o c ia te d  a c id io  
fu n c t io n s  o f  th e  p r o te in  m a te r ia l  a lso  p re s e n t  p o s s ib le  b in d in g  
I s i t e s .  The m ucopolysaccharides, however, p re se n t  a more uniformt
i
1
j
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su rface  o f  n e g a t iv e ly  charged groups surrounded "by s o lv a te d  
hydroxyl g roups.
Drug r e c e p to r  “bonds are  g e n e ra l ly  we ale g iv in g  a t r a n s i e n t ,  
e a s i l y  re v e rse d  complex. C e r ta in  d rugs , however, form the  
c o n s id e rab ly  s t ro n g e r  cova len t “bonds w ith  th e  t i s s u e s ,  r e s u l t i n g  in  
th e  fo rm ation  of complexes which a re  only  slow ly re v e rse d  i n  th e  
“body. Such drugs in c lu d e  th e  p -h a lo  a lk y l  amine a d re n e rg ic  “b lock ing
a g e n t s , ^  th e  f luo ro p h o sp h a te  a n t ic h o l in e s t e r a s e s ,  and th e
47a lk y la t in g  a n t ic a n c e r  d rugs . C o n tr ib u t io n s  to  th e  t o t a l  b in d in g  
energy o f  th e  more common e a s i l y  re v e rse d  complexes a re  thought to  
a r i s e  from hydrophobic bonds, van d e r  Waals f o rc e s ,  e l e c t r o s t a t i c  
a t t r a c t i o n s  and hydrogen bonding.
The energy a s s o c ia te d  w ith  hydrophobic bonding, which a r i s e s  
from th e  t r a n s f e r  o f  a n o n -p o la r  m olecule, o r  p a r t  of a m olecule, 
from a p o la r  phase to  a n o n -p o la r  environm ent, i s  thought to  
account f o r  a s i g n i f i c a n t  f r a c t i o n  o f  th e  t o t a l  b in d in g  energy of 
c e r t a in  m olecules to  t h e i r  r e c e p to r s .  The energy gain  i s  thought 
to  o r ig in a t e  from th e  en tropy  change a s s o c ia te d  w ith  th e  d i s s o lu t io n  
o f  o rdered  v/ater m olecules which ta k e s  p la ce  when th e  drug i s  • 
t r a n s f e r e d  from th e  aqueous phase to  th e  l e s s  p o la r  environment of  
t h e . r e c e p t o r .
Van d er  Waals f o rc e s ,  due to  t h e i r  low magnitude and h igh  
d is ta n c e  s p e c i f i c i t y ,  a re  g e n e ra l ly  reg ard ed  as a secondary 
component .of th e  t o t a l  b in d in g  energy between th e  n e u t r a l  hydro­
carbon p o r t io n  of th e  molecule and th e  r e c e p to r .  When a very  c lo se  
f i t  between th e  drug and i t s  r e c e p to r  i s  ach ieved , however, th e se  
fo rc e s  do appear to  become more s i g n i f i c a n t ,  p a r t i c u l a r l y  f o r
49l a r g e r  m olecules such as lo n g -c h a in  f a t t y  a c id s  and s t e r o i d s .
E l e c t r o s t a t i c  i n t e r a c t i o n s  between o p p o s i te ly  charged groups
i
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on th e  drug and th e  r e c e p to r  a lso  f o r a  a s i g n i f i c a n t  c o n t r ib u t io n  
to  th e  s t a b i l i t y  o f  th e  complex. Io n - io n  i n t e r a c t i o n s  a re  th e  
s t r o n g e s t  and th e r e f o r e  th e  most im p o r ta n t ,  b u t ,  i n  d e c re a s in g  
i n t e r a c t i o n  magnitude, io n —d ip o le ,  d ip o le -d ip o le ,  and io n - in d u ced  
d ip o le  i n t e r a c t i o n s  a lso  c o n t r ib u te  to  th e  t o t a l  b in d in g  energy . 
A sso c ia t io n  o f  o p p o s i te ly  charged io n s  ( i o n - p a i r  fo rm ation) does 
n o t ten d  to  occur in  aqueous s o lu t io n s  o f  h igh  d i l u t i o n  as th e  h igh  
d i e l e c t r i c  c o n s tan t  o f  th e  w ater  and th e  h igh  degree o f  s o lv a t io n  
o f  th e  io n s  make i t  e n e r g e t i c a l l y  u n fav o u rab le .  M acromolecules, 
such as p r o te in s ,  however, a l t e r  t h i s  simple s i t u a t i o n  by red u c in g
th e  d i e l e c t r i c  co n s tan t i n  th e  immediate v i c i n i t y  o f  t h e i r  su r fa c e
50making io n - p a i r  fo rm ation  more fa v o u ra b le .
The c o n t r ib u t io n  made by hydrogen bonding to  th e  s t a b i l i t y  o f
51th e  complex appears  to  be i n  d i s p u te .  Although t h i s  form o f  
bonding i s  alm ost c e r t a i n l y  im portan t in  some d ru g - re c e p to r  i n t e r ­
a c t io n s ,  i t s  c o n t r ib u t io n  may n o t be as s i g n i f i c a n t  as  has been 
e a r l i e r  su g g es ted . In  g e n e ra l ,  groups which are  capable o f  hydrogen 
bonding w i l l  be so lv a te d  and exchange o f  th e se  hydrogen bonds w ith  
w ater  f o r  th o se  w ith  th e  r e c e p to r  m a te r ia l  w i l l  r e s u l t  i n  on ly  a 
sm all, i f  any, energy g a in .  T h is  i s  i l l u s t r a t e d  by th e  weak 
b in d in g  between polyhydroxy compounds, such as ca rb o h y d ra te s ,  and 
p r o te in  m a te r ia l
The r e c e n to r .
58The concept o f  a drug r e c e p to r  was f i r s t  in tro d u c e d  by E r l i c h ,
54 55and i s  in h e re n t  in  th e  work o f  Langley and Lucas, and th e  c l a s s io
56lock  and key analogy advanced by F is c h e r  to  e x p la in  enzyme 
s p e c i f i c i t y .
Im portan t q u a n t i t a t iv e  s tu d ie s  o f  drug a c t io n  in  r e l a t i o n  to
23th e  r e c e p to r  th e o ry  were made by C lark  who proposed a simple 
model based on th e  laws o f  th e  Langmuir ad so rp tio n  iso th erm  which 
made th e  fundamental assum ption th a t  th e  response  o f  a t i s s u e  was
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p r o p o r t io n a l  to  th e  f r a c t i o n  o f  th e  r e c e p to r s  occupied by th e  drug.
57Gaddum extended t h i s  th e o ry  to  account f o r  th e  e f f e c t s  o f  s p e c i f i c  
a n ta g o n is t s .  I t  was l a t e r  observed t h a t  c e r t a i n  d rugs , which them­
se lv e s  induce a sm all re sp o n se , were capable o f  b lo c k in g  th e  e f f e c t s  
o f  o th e r  a g o n is t s .  I t  has a lso  been shown t h a t  th e  maximum response  
induced by d i f f e r e n t  drugs v a r i e s .  These o b se rv a tio n s  in d ic a t e  t h a t  
th e  f r a c t io n  o f  r e c e p to r s  occupied by the  drug i s  no t th e  on ly  
c r i t e r i o n  which determ ines th e  magnitude o f  th e  re sp o n se . To over­
come th e se  d i f f i c u l t i e s  C lark*s o r ig in a l  th e o ry  was m odified  by 
58A riens , who in tro d u c e d  th e  term  i n t r i n s i c  a c t i v i t y ,  and by 
59Stephenson, th e  term  e f f i c a c y .  Thus two p aram ete rs  govern drug 
a c t io n :  th e  a f f i n i t y  o f  th e  drug f o r  th e  r e c e p to r ,  and th e  i n t r i n s i c
a c t i v i t y ,  o r  e f f i c a c y ,  which measures th e  a b i l i t y  o f  th e  drug  to. 
e l i c i t  a resp o n se .
A riens d e f in e d  i n t r i n s i c  a c t i v i t y  as a " su b s ta n c e -c o n s ta n t
dete rm in ing  th e  e f f e c t  p e r  u n i t  pharm acon-recep to r complex." Thus
he o r ig in a l ly  r e ta in e d  C lark*s assumption t h a t  th e  response  was
p ro p o r t io n a l  to  th e  f r a c t i o n  of  r e c e p to r s  occupied , but extended
th e  th e o ry  so th a t  a complex formed by a r e c e p to r  w ith  one ag o n is t
might d i f f e r  from th e  complex w ith  an o th e r  ag o n is t  in  i t s  a b i l i t y
to  c o n t r ib u te  to  th e  re sp o n se . More r e c e n t ly ,  however, t h i s  th e o ry
has been m odified  s t i l l  f u r t h e r  so t h a t  a maximum response  could be
ob ta ined  w ithou t assuming t o t a l  occupancy o f  th e  r e c e p to r s  ( see
a lso  N ic k e r s o n ^ ) .  To give a more p i c t o r i a l  meaning to  t h i s
param ete r , A r i e n s ^  has drawn an analogy between i n t r i n s i c  a c t i v i t y
and th e  r a t e  co n s tan t o f  th e  r a t e - l i m i t i n g  s te p  o f  an enzyme r e a c t io n .
I t  has a lso  been proposed t h a t  th e  i n t r i n s i c  a c t i v i t y  may r e p re s e n t
th e  f r a c t i o n  o f  e f f e c t iv e  c o l l i s i o n s  between th e  drug  and i t s  
6?r e c e p to r .  The term e f f i c a c y  d i f f e r e d  from i n t r i n s i c  a c t i v i t y  in  
t h a t  i t  d id  no t r e t a i n  th e  assumption th a t  th e  response i s  p ro p o r t ­
io n a l  to  th e  f r a c t i o n  of th e  r e c e p to r s  occupied . Stephenson
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p o s tu la te d  t h a t  p rov ided  a molecule p o ssessed  a h igh  e f f i c a c y ,  a
maximum response  could be o b ta in ed  w ith  only  a f r a c t i o n  of  th e
r e c e p to r s  o c cu p ied . E f f i c a c y  i s  i n v e r s l y  p r o p o r t io n a l  to  th e
number o f  r e c e p to r s  t h a t  have to  be a c t iv a te d  in  o rd e r  to  induce a
c e r t a in  s tim u lu s  and promote a c e r t a in  e f f e c t .  Although th e
e f f i c a c y  and i n t r i n s i c  a c t i v i t y  are e s s e n t i a l l y  th e  same, th e
q u a n t i t a t iv e  d i f f e r e n c e s  i n  th e  two approaches a r i s e  from
d if f e r e n c e s  i n  th e  m athem atical assum ptions concern ing  the
r e l a t i o n s h i p  between th e  s tim u lu s  and th e  response  i t  in d u c e s .
63F urchgo tt  has proposed th e  hybrid  param ete r  i n t r i n s i c  e f f i c a c y  to  
measure th e  a b i l i t y  o f  a drug to  i n i t i a t e  a re sp o n se .
Recent review s by Mackay have summarised and compared th e  
v a r io u s  m athem atical an a ly ses  of  d ru g - re c e p to r  i n t e r a c t i o n s , ^
65and Burgen has a ttem pted  to  d e f in e  a t h e o r e t i c a l  b a s i s  f o r  drug 
r e c e p to r  k i n e t i c s .
A d i f f e r e n t  approach to  th e  problem o f  d ru g - re c e p to r  i n t e r ­
a c t io n s  has been made by P a t o n ^  who proposed an a n a ly s i s  o f  drug 
a c t io n  based on the  assumption th a t  th e  response  to  an a g o n is t  i s  
p r o p o r t io n a l ,  no t to  th e  f r a c t i o n  o f  r e c e p to r s  occupied, but to  
the  r a t e  o f  fo rm ation  and decom position o f  th e  d ru g - re c e p to r  • 
complex. Thus th e  e f f e c t  i s  th e  r e s u l t  o f  a number of q u an ta l 
even ts  r a t h e r  th an  t h a t  of a p e r s i s t i n g  d ru g -re c e p to r  complex.
The concept t h a t  th e  drug i s  only e f f e c t i v e  a t  th e  moment o f
encounter w ith  th e  r e c e p to r  was f i r s t  in tro d u c e d  by C roxatto  and 
67
Huidobro- An a g o n is t  i s  d e sc r ib e d  as a substance which promotes 
a h igh r a t e  o f  complex fo rm ation  and d i s s o c i a t i o n ,  w hile an 
a n ta g o n is t  forms a complex w ith  th e  r e c e p to r  which d i s s o c ia t e s  
only slow ly . The p a r t i a l  a g o n i s t - r e c e p to r  i n t e r a c t i o n  r e p re s e n ts  
an in te rm e d ia te  s t a t e .
One o f  th e  a t t r a c t i o n s  o f  th e  r a t e  th e o ry ,  as i t  i s  termed, i s
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th e  way in  which i t  accoun ts  f o r  many o f  th e  o b s e rv a t io n s  
concern ing  drug a c t io n  which appear to  la c k  a l l  s ig n i f i c a n c e  i n  
term s o f  th e  occupa tion  t h e o r i e s .  Such o b s e rv a t io n s  in c lu d e  th e  
e x is te n c e  o f  spare  r e c e p to r s ;  a l though  an appendage to  th e  
occupation  t h e o r i e s ,  th e se  are  a n e c e s s i ty  i n  e x p la in in g  drug  
a c t io n  in  term s o f  th e  r a t e  th e o ry .  The n o n -e x is te n c e  of  p e r s i s t e n t  
s t im u la n ts ,  q u ic k ly  r e v e r s ib l e  p o te n t  a n ta g o n is t s ,  or compounds 
p o s se s s in g  bo th  a h igh  a f f i n i t y  and h ig h  i n t r i n s i c  a c t i v i t y  a re  
a lso  accounted f o r  by th e  r a t e  th e o ry ,  bu t rem ain  as  " e x t ra s "  to  
th e  occupation  th e o r ie s*
I n  m athem atical term s th e  two ty p e s  o f  approach ta k e  a
s im i la r  form; th e  s t im u la t io n  and i n t r i n s i c  a c t i v i t y  term s o f
Ariens* b a s ic  e q u a tio n  d e s c r ib in g  drug a c t io n  b e in g  re p la c e d  by
th e  r a t e  o f  a s s o c ia t io n  and th e  r a t e  o f  d i s s o c i a t i o n  o f  th e  d ru g -
re c e p to r  complex r e s p e c t iv e ly .  Due to  th e  s im i l a r  p r e d ic t io n s
concern ing  th e  s i t u a t i o n  a t  r e c e p to r  l e v e l  a t  e q u i l ib r iu m ,
d is c r im in a t io n  between th e  two th e o r i e s  can on ly  be a ttem pted
under n o n -eq u il ib r iu m  c o n d i t io n s ,  t h a t  i s  a t  th e  o n se t  and o f f s e t
o f  a c t io n .  In  c o n t r a s t  to  th e  occupa tion  t h e o r i e s ,  which p r e d ic t
a smoothly r i s i n g  response  to  th e  a g o n is t ,  th e  r a t e  th e o ry  p r e d i c t s
fade o f  th e  i n i t i a l  response as r e c e p to r  occupancy in c r e a s e s .
The problems a s s o c ia te d  w ith  th e  d e te c t io n  o f  fa d e ,  however, a re
many; i n  f a c t ,  i t  may not be observed a t  a l l  i f  th e  response  i s  /
delayed  due to  th e  n a tu re  o f  th e  t i s s u e ,  o r  due to  a low r a t e  of
d i f f u s io n  o f  th e  drug to  th e  r e c e p to r .  The s i t u a t i o n  i s  f u r th e r
com plicated by th e  n e c e s s i ty  o f  an a p p re c ia b le  r e c e p to r  occupancy
befo re  fade becomes d e t e c t a b le .  For th e s e  re a s o n s ,  a lthough
Paton  has o b ta in ed  p o s i t iv e  ev idence f o r  fad e , no d e f i n i t e
conc lusions  can be drawn concern ing  th e  g en e ra l  v a l i d i t y  o f  th e
r a t e  th e o ry .  Even Paton*s evidence has been qu es tio n ed  by 
68F u rc h g o tt ,  su g g es ts  t h a t  o th e r  f a c t o r s ,  suoh as an u n s p e c if ic
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non-com petetive  antagonism "by th e  drug a f t e r  th e  s t im u la to ry  a c t io n ,  
may "be re sp o n s ib le  f o r  th e  observed fade in  th e  re sp o n se .
Another s im i la r  th e o ry ,  the  d i s s o c ia t io n  th e o ry ,  has been
69t e n t a t i v e l y  suggested  by Paton; an a g o n is t  i s  envisaged as 
r e a c t in g  w ith  and d e s t a b i l i s i n g  th e  r e c e p to r  w ith  accompanying
breakdown o f  th e  l a t t e r  and th e  consequent ex p u ls io n  o f  th e  a g o n is t .
70T his  i s  in  agreement w ith  th e  su g g e s t io n  by G i l l  t h a t  a c e ty l ­
ch o lin e  a c ts  by i n t e r f e r i n g  w ith  th e  s t a b i l i t y  o f  th e  h e l i c a l  
s t r u c tu r e  o f  th e  p r o te in  c o n s t i t u t i n g  th e  c e l l  membrane. Although 
t h i s  th e o ry ,  l i k e  the  r a t e  th e o ry ,  en v isag es  s t im u la t io n  as a 
q u an ta l p ro cess  i t  w i l l  be in d i s t in g u is h a b le  from th e  occupation  
t h e o r i e s  by response o b se rv a tio n s  because the  s t im u la t io n  i s  
dependent upon th e  r a t e  o f  d i s s o c i a t i o n  which in  tu rn  i s  p ropo r­
t i o n a l  to  th e  occupancy.
X A most s i g n i f i c a n t  a d d i t io n  t o  th e  t h e o r i e s  o f  d r u g -r e c e p to r
71 72i n t e r a c t i o n  i s  t h a t  proposed by B e lle au  1 and based on enzym atio- 
s u b s t r a te  i n t e r a c t i o n s .  The th e o ry ,  a l though  ing en io u s  and 
convincing , due to  th e  la c k  o f  d i r e c t  ev idence cannot be cons idered  
as in d is p u ta b ly  e s ta b l i s h e d .  N e v e r th e le s s ,  i t  does a ttem pt to  
d e s c r ib e  the  mechanism of drug a c t io n  a t  a m olecu lar  l e v e l  in  
s t r u c t u r a l  te rm s, r a t h e r  than  making use of p aram ete rs  such as 
i n t r i n s i c  a c t i v i t y  which appear to  have l i t t l e  obvious p h y s ic a l  
s ig n i f i c a n c e .
The e s tim a ted  energy change a s s o c ia te d  w ith  th e  d ru g - re c e p to r  
i n t e r a c t i o n  le d  B e lle au  to  th e  co n c lu s io n  th a t  on complex 
fo rm ation  th e  r e c e p to r  underwgnt a conform ational change, or 
p e r tu r b a t io n .  A n tag o n is ts ,  he su g g e s ts ,  induce confo rm ational ' 
changes which a re  n o n - s p e c i f ic  in  c h a ra c te r  and as a r e s u l t  do no t 
produce a b io lo g ic a l  re sp o n se . A gon is ts ,  on th e  o th e r  hand, 
induce a s p e c i f i c ,  or p o s s ib ly  a number o f  r e l a t e d  s p e c i f i c ,
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conform ational changes i n . t h e  r e c e p to r  m a te r ia l  which a re  capable  
of  i n i t i a t i n g  th e  p ro c e s se s  which le a d  to  the  b io lo g ic a l  re sp o n se . 
The s p e c i f i c  conform ational change i s  thought to  convert th e  
in a c t iv e  r e c e p to r  in to  a c a t a l y t i c a l l y  a c t iv e  s t a t e  which i s  
capable of  m odifying a s u b s t r a te  to  a p roduct which i s  e s s e n t i a l  
f o r  p ro d u c tio n  of th e  re sp o n se . Support f o r  t h i s  th o e ry  i s  
fu rn ish e d  by re c e n t  in fo rm a tio n  concern ing  th e  b a s ic  mechanism of
70  74
enzyme a c t iv a t io n *  and by th e  work of Koshland on th e  s im i la r  
induced f i t  th e o ry  of enzym e-substra te  i n t e r a c t i o n s .  B e l l e a u 's  
th e o ry  may be symbolised as fo llo w s: when a sm all molecule Ms
r e a c t s  w ith  th e  r e c e p to r  m a te r ia l  P i t  induoes a conform ational 
change i n  th e  p r o te in  and g ives  an " a c t iv a te d "  complex
Ms  +  P P»MS
In  t h i s  form P" i s  an e f f e c t i v e  c a t a l y s t  f o r  th e  convers ion  o f  a 
s u b s t r a te  A to  a p roduct B,
P"MS + A ^ P MMSA—» P"MS * B
B be ing  re q u ire d  to  i n i t i a t e  th e  re sp o n se . 1$ however, a sm all
molecule ^  i s  in c ap ab le  of b r in g in g  about th e  favourab le  conform­
a t io n a l  p e r tu r b a t io n  of  the  r e c e p to r  P but in s t e a d  produces an 
unfavourab le  one, th e n  a complex P**M^  i s  formed which i s  in c ap ab le  
of c a ta ly s in g  th e  A in to  B r e a c t io n .
P 4. U / ? = ±  P*liL
+  A  5 = ^  P 44’Mi A - / »  P^Mj. 4 - B
P a r t i a l  a g o n is ts  a re  subs tances  which are  in te rm e d ia te  between
and and hence produce an e q u i l ib r iu m  m ixture  o f  th e  fav o u rab le
and unfavourab le  p e r tu r b a t io n s .  I t  has been p o in te d  out by
75T r i g g l e XJ t h a t  t h i s  p e r tu r b a t io n  trea tm en t r e c o n c i le s ,  in  p a r t ,  a t
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l e a s t ,  th e  t re a tm e n ts  o f  drug a c t io n  by A riens and Baton. The 
r a t e  o f  rearrangem ent o f  th e  p r o t e i n - l i k e  r e c e p to r  might be 
cons idered  as d e te rm in ing  th e  i n t r i n s i c  a c t i v i t y  o f  A rien s , o r  th e  
r a t e  o f  d i s s o c ia t io n  o f  th e  complex which i s  re q u ire d  by B a tons4 
r a t e  th e o ry .  I f  th e  r a t e  th e o ry  i s  to  be ex p la in ed  in  t h i s  way i t  
i s  n ec essa ry  to  assume t h a t  i t  i s  th e  rearrangem ent o f  th e  r e c e p to r  
which i n  f a c t  ex p e ls  th e  drug m olecule .
The g en e ra l  th e o ry  o u t l in e d  above has been extended to  
d e s c r ib e  th e  n a tu re  o f ,  and a p o s s ib le  mechanism o f  a c t io n  a t ,  th e  
m uscarin ic  r e c e p to r .  I n v e s t ig a t io n s  were made in to  th e  b in d in g  
c h a r a c t e r i s t i c s  o f  a s e r i e s  o f  alkyltrimethylammonium compounds 
w ith  th e  a c t iv e  su r fa c e  o f  th e  enzyme, a c e ty l c h o l in e s t e r a s e ,  as a 
model f o r  th e  m uscarin ic  r e c e p to r .  These q u a te rn a ry  ammonium s a l t s  
p r e s e n t ,  by e lo n g a t io n  of th e  a lk y l  s id e  ch a in , a s e r i e s  o f  compounds 
e x h ib i t in g  th e  e n t i r e  spectrum o f  drug a c t io n  from a g o n is t ,  v i a  
p a r t i a l  a g o n is t  to  a n ta g o n is t ,  and y e t  d i f f e r  p h y s ico -ch em io a lly  
only  in  t h e i r  hydrophobic c h a ra c te r .  The use o f  a c e ty lc h o l in ­
e s te r a s e  as th e  model system was prompted by th e  s im i la r  c h a in -  
le n g th  dependent t r a n s i t i o n s  which occur in  th e  b in d in g  o f  th e s e  
compounds w ith  th e  enzyme and w ith  th e  m uscarin ic  r e c e p to r  s u r f a c e .
Entropy changes a s s o c ia te d  w ith  enzyme-alkylammonium compound 
i n t e r a c t i o n  were c a lc u la te d ;  th e se  were n eg a tiv e  f o r  complexes 
in v o lv in g  compounds p o s se s s in g  l e s s  than  e ig h t  carbon atoms bu t 
became in c r e a s in g ly  p o s i t i v e  as more methylene groups were i n t r o ­
duced in to  th e  s id e -c h a in .  T h is  t r a n s i t i o n  in d ic a t e s  a d i f f e r e n c e  
in  th e  degree o f  o rd e r  between th o se  complexes formed by th e  sm a lle r  
m olecules o f  th e  s e r i e s  and th o se  formed by compounds having more 
than  e ig h t  carbon atoms in  th e  s id e -c h a in .  T h is  o b se rv a t io n ,  a long  
w ith  th e  change i n  pharm acological a c t i v i t y  which i s  known to  
occur a t  has l e d  B e lle au  to  suggest t h a t  lower members o f  th e
s e r i e s  overlap  on ly  w ith  th e  r e g u la t in g  su r fa c e  o f  th e  r e c e p to r  and
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induoe P" ( a c t iv e )  s t a t e s ,  w hile th o se  m olecules w ith  lo n g e r  s id e
cha ins  overlap  onto th e  p e r ip h e ry  o f  t h i s  su r fa c e  and induce P* 
( in a c t iv e )  s t a t e s .
The f re e  e n e rg ie s  (&F) o f  b in d in g  a s s o c ia te d  w ith  th e  i n t e r ­
a c t io n  of t h i s  s e r i e s  o f  compounds w ith  a c e ty l c h o l in e s te r a s e  show 
two chain  le n g th  dependent t r a n s i t i o n s ,  one a t  and th e  second 
a t  C^. These v a lu e s ,  when p lo t t e d  a g a in s t  th e  number o f  s id e -c h a in  
carbon atoms (n) showed th re e  s e p a ra te  l i n e a r  f r e e  energy r e l a t i o n ­
sh ip s  (see  f i g .  1 ) ,  i n d i c a t i n g  th e  e x is te n c e  o f  th re e  d i s t i n c t  
uniform  b in d in g  s u r f a c e s .
The c h o l in e rg ic  r e c e p to r  i s  th e re fo r e  d esc r ib e d  as c o n s i s t in g  
o f  th r e e  compartments, each be ing  on a s e p a ra te  p r o te in  ch a in  (see 
f i g .  2 ) .  The f i r s t  in c lu d e s  th e  an io n ic  s i t e  and accommodates s ide 
cha ins  up to  fo u r  carbon atoms in  le n g th ,  th e  second in c lu d e s  th e  
e s t e r a t i c  s i t e  and accommodates s id e -c h a in  carbon atoms f iv e  to  
e ig h t ,  and f i n a l l y  th e  t h i r d  compartment which i s  no t r e q u i r e d  fo r  
b in d in g  a c e ty lc h o l in e  accommodates methylene groups i n  excess  of 
e ig h t .  Overlap onto t h i s  r e s u l t s  i n  b lockade of th e  r e c e p to r .
The d i f f e re n c e  between th e  n i c o t i n i c  and m uscarin ic  r e c e p to r s  i s
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envisaged  as a d i f f e r e n c e  in  th e  p o l a r i t y  o f  th e  second compart­
ment; th e  in c re a s e d  p o l a r i t y  in  th e  n i c o t i n i c  r e c e p to r  p re v e n ts  
th e  e f f e c t iv e  b in d in g  o f  alkyltrimethylam monium compounds w ith  
a lk y l  s id e -c h a in s  of  more than  fo u r  carbon atoms#
M u s c a r i n i c  D is o r d e r in g
CH
CH
CHCH CHCHCH
1CH2 CH
N i c o t i n i c  O r d e r i n g
M u s c a r in ic  O r d e r i n g
T his th r e e  compartment h y p o th e s is  has been f u r th e r  e la b o r ­
a ted  to  d e s c r ib e  th e  '‘u p h i l l1 t r a n s p o r t  o f  sodium and po tassium  ions#
Maximum e f f i c i e n c y  in  th e  in d u c t io n  of th e  fav o u rab le
p e r tu r b a t io n  (P") i s  thought to  be re se rv e d  to  th o se  m olecu les
which produce a t r u e  lo c k  and key type f i t  w ith  th e  r e c e p to r .
T h is  has been dem onstra ted  by i n v e s t ig a t i n g  th e  e f f e c t s  o f  a s e r i e s
o f  d ioxo lane q u a te rn a ry  ammonium compounds (V I) , which r e p re s e n t
f a i r l y  s te re o c h e m ic a lly  r i g i d  s t r u c t u r e s  c lo s e ly  r e l a t e d  to
a c e ty lc h o l in e  (V II ) ,  upon a c e ty lc h o l in e s te r a s e  and th e  m uscarin ic  
76
re c e p to r .  The c h o l in e rg ic  r e c e p to r  and a c e ty lc h o l in e s te r a s e  
d is p la y  s im i la r  p a t t e r n s  of s t e r e o s p e c i f i c i t y  towards th e  quatern-. 
a ry  ammonium compounds. The L - ( - )  isom er of c i s -2 -m e th .v l -4 - t r i -
methylammoniummethyl-1,3-dioxolane io d id e  (V II I )  was th e  most
i
e f f e c t i v e  m uscarin ic  s t im u la n t  and a c e ty l c h o l in e s te r a s e  i n h i b i t o r  
o f  th e  s e r i e s .  I t  i s  th e r e fo r e  p o s tu la te d  to  r e p r e s e n t  th e  
n a tu r a l  o r i e n t a t i o n  o f  r e c e p to r -a n d  enzyme-bound a c e ty lc h o l in e .
R2
*1
O
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T his  isom er was found to  p o ssess  te n  tim es th e  a f f i n i t y  f o r  a c e ty l ­
ch o lin e  i t s e l f .  Prom a c o n s id e ra t io n  o f  th e  b in d in g  e n e rg ie s  o f  
th e se  m olecules to  th e  r e c e p to r  i t  appears t h a t  on ly  i n  th e  
p a r t i c u l a r  in s ta n c e  o f  V III  i s  i t  n e c e ssa ry  to  evoke c o n t r ib u t io n s  
from van d e r  Waals bonding. T h is  su g g es ts  t h a t ,  a lthough  o th e r  
members o f  th e  s e r i e s  p o sse ss  some a c t i v i t y ,  only  V I I I ,  l i k e  th e  
n a tu r a l  s u b s t r a te  a c e ty lc h o l in e ,  forms a lo c k  and key type complex 
w ith  th e  r e c e p to r .  Hydrophobic bonding, i t  i s  suggested , i s  most 
w idely  o p e ra t iv e  f o r  o th e r  m olecules o f  th e  s e r i e s  which are  
in c ap ab le  o f  lo ck  and key type  com bination.
Whether th e  m olecu lar  p e r tu r b a t io n  th e o ry  a c c u ra te ly ,  o r  even 
p a r t i a l l y ,  d e s c r ib e s  th e  e lem entary  p ro c e s se s  invo lved  in  d rug-  
r e c e p to r  i n t e r a c t i o n s  i s  n o t ,  as  y e t ,  f u l l y  e s ta b l i s h e d .  Never­
th e l e s s  i t  must be regarded  as a s i g n i f i c a n t  development in  
r e c e p to r  th e o ry  as i t  p ro v id es  th e  f i r s t  d e t a i l e d  account, based 
upon physico-chem ical d a ta ,  o f  th e  n a tu re  and o p era t io n  o f  th e  
r e c e p t iv e  m a te r ia l  a t  a m olecu lar  l e v e l .  Conformational changes 
in  th e  r e c e p to r  under th e  in f lu e n c e  o f  th e  drug are not un reasonab le  
i t  i s  u n l ik e ly  t h a t  th e  r e c e p to r  i s  a com plete ly  r i g i d  e n t i t y  w ith  
a f ix e d  conform ation . However, much o f  th e  s ig n i f ic a n c e ,  and v a lu e ,  
of  th e  s tudy  on th e  m uscarin ic  r e c e p to r  must hinge on th e  v a l i d i t y
c h o l in e s te r a s e  and a f a c t o r  o f  s ix  tim es th e  potency o f  a c e ty l -
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of i n t e r p r e t i n g  th e  drug-enzyme r e s u l t s  in  term s o f  d ru g - re c e p to r
i n t e r a c t i o n s .  The c h o l in e rg ic  r e c e p to r  and a c e ty l c h o l in e s t e r a s e
are  known to  have c e r t a in  s im i la r  c h a r a c t e r i s t i c s ,  bu t how f a r
77th e  analogy may be taken  i s  in  some d is p u te .
Chemical t r a n s m is s io n .
The concept o f  s t r u c t u r a l  s p e c i f i c i t y  has p h y s io lo g ic a l  
■application i n  th e  e s ta b l i s h e d  view t h a t  i n  c e r t a in  s i t e s  w i th in  
th e  body th e  tra n sm is s io n  o f  nervous im pulses to  th e  e f f e c t o r  
organ i s  ach ieved  by the  p a r t i c i p a t i o n  o f  chemical ag en ts .  The 
concept o f  chemical o r  neurohormonal t r a n sm is s io n  was f i r s t  
a p p l ie d  to  th e  sym pathetic  branch o f  th e  autonomic nervous system, 
and has su b seq u en tly  been extended to  in c lu d e  a l l  autonomic s i t e s ,  
p e r ip h e ra l  v o lu n ta ry  n e u r o - e f f e c to r  ju n c t io n s ,  and more r e c e n t ly ,  
to  th e  c e n t r a l  nervous system . Of th e  compounds p o s tu la te d  to  aot 
as chemical t r a n s m i t t e r s  a c e ty lc h o l in e  and n o ra d re n a l in e  have been 
e s ta b l i s h e d  beyond any reaso n ab le  doub t. O ther subs tances  which 
have been proposed to  p o sse ss  a t r a n s m i t t e r  r o le  in c lu d e  h is tam in e , 
gaba, substance  P, and 5-byd roxy tryp tam ine .
The p o s s i b i l i t y  th a t  5-ky<3Lroxytryptamine m^ y be a t r a n s m i t t e r  
(see  r e f . 99) accoun ts  f o r  much o f  th e  i n t e r e s t  which has been 
shown in  t h i s  substance  s in c e  i t s  f i r s t  i s o l a t i o n .  However, i t s  
r o le  in  th e  body i s  f a r  from e s ta b l i s h e d  and much co n tro v e rsy  s t i l l  
e x i s t s  concern ing  the  l ik e l ih o o d  o f  i t  be in g  a neurohormone. The
p re se n t  s i t u a t i o n  i s  b r i e f l y  o u t l in e d  l a t e r  (see  p . 27)* Many
78e x c e l le n t  rev iew s d e a l in g  w ith  chemical t r a n s m is s io n ,  and in  
p a r t i c u l a r  th e  p a r t i c i p a t i o n  o f  a c e ty lc h o l in e  and n o ra d re n a l in e ,  
have been p u b lish ed  i n  r e c e n t  y e a rs .
5-HYPROXYTRYPT AMINE
5-Hydroxytryptamine (5-HT, s e ro to n in ,  en teram ine) was f i r s t
i s o l a t e d  "by th e  e x t r a c t io n  of  mammalian g a s t r o - i n t e s t i n a l  mucosa
79and s a l iv a r y  g lands  o f  octopods by Erspam er. I t s  s t r u c t u r e
o o n s i s t s  o f  a 5-H ydroxyla ted  in d o le  nuc leus  b e a r in g ,  i n  th e  3 -
p o s i t io n ,  a 2-am inoethyl s id e  cha in  ( X I I I ) .  The f i r s t  chemical
80s y n th e s is  o f  5-HT, by Hamlin and F is h e r ,  in v o lv ed  e l a b o r a t in g
th e  s id e  chain  o f  5-Henzyloxygramine (X), o b ta in ed  from 5-H enzyl-
oxyindole (IX) as  shown in  f i g .  3. More r e c e n t  and improved
81s y n th e t ic  r o u te s  have been developed.
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Since i t s  f i r s t  i s o l a t i o n  5-HT has a t t r a c t e d  a g rea t  dea l of
- 25-
i n t e r e s t ,  m ainly due to  i t s  a s s o c ia t io n  w ith  th e  c e n t r a l  nervous 
system, and much e f f o r t  has been d i r e c te d  towards e l u c id a t in g  i t s  
s ig n i f ic a n c e  in  th e  body and in  p a r t i c u l a r  in  th e  b r a in ;  t h i s  
work has been summarised in  a number o f  r e v ie w s .82-84*
5-HT i s  w idely  d i s t r i b u t e d  th roughout th e  body, th e  most
im portan t l o c a l i s a t i o n s  being  in  th e  en te ro ch ro m affin  c e l l s  o f  th e
8 5g a s t r o - i n t e s t i n a l  t r a c t ,  '  where i t  i s  sy n th e s is e d  from d i e t a r y  L-
86  — "try p to p h an , in  blood p l a t e l e t s ,  and in  th e  c e n t r a l  nervous
system# High c o n c e n tra t io n s  have a lso  been observed in  the  mast
87c e l l s  o f  mice and r a t s .  Lower c o n c e n tra t io n s ,  which p o s s ib ly  
a r i s e  from p l a t e l e t  5-HT, are  found in  th e  l i v e r ,  lu n g s ,  k idneys , 
and in  th e  sp le e n .
The p resence  o f  5-HT in  th e  c e n t r a l  nervous system was f i r s t
88dem onstrated  by Gaddum and h i s  co-w orkers, and by Twarog and 
89Page, and s in ce  t h i s  time i t  has been shown to  be p re se n t  in  a l l  
v e r te b ra te  b r a in s ,  in  a f r e e  and bound form. I t  i s  no t evenly  
d i s t r i b u t e d  th roughout the  b ra in  bu t i s  c o n c en tra ted  in  c e r t a in  
a reas  such as  the  hypothalamus and m id -b ra in .  Although i t s  o r ig in  
i s  no t com pletely  re so lv e d ,  most o f  th e  evidence i n d ic a t e s  t h a t  5-HT
i s  sy n th e s ise d  i n  s i t u  from L -try p to p h an , which, u n lik e  try p tam in e ,
/ 14\does c ro ss  th e  blood b ra in  b a r r i e r  (by an a c t iv e  t r a n s p o r t  p ro cess
Enzymatic h y d ro x y la tio n  of  th e  tryp tophan  (XIV) to  5-Hydroxy-
try p to p h an  (XV), fo llow ed by d eca rb o x y la t io n  r e s u l t s  i n  5-HT ( X I I l ) .
81I t s  m etabo lio  breakdown proceeds by v a r io u s  r o u te s ,  th e  most 
im portan t o f  which in v o lv e s  f i r s t  o x id a t io n  by monoamine ox idase  to  
give 5-H ydroxy indo l-3-y la c e ta ld e h y d e  (XVI), fo llow ed by f u r t h e r  
o x id a tio n  to  th e  e a s i l y  ex c re ted  5-H ydroxy indo l-3- y l a c e t i c  ac id
<r
(XVII), as shown in  f i g .  4* The r a t e  o f  s y n th e s is  and metabolism
i s  h igh; b r a in  5-HT has a h a l f - l i f e  in  th e  o rd e r  o f  10-30 m inutes,
90 91measured u s in g  monoamine ox idase  i n h i b i t o r s ,  and may be even l e s s .
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The g en e ra l  occurrenoe o f  5-BT in  the  v e r t e b r a te  b r a in  le d  
W o o lley ^  and Gaddum^^ to  conclude t h a t  has a b io lo g ic a l  r o l e
in  the  c e n t r a l  nervous system. Although a g re a t  d ea l o f  r e s e a rc h  
has been d i r e c te d  towards e lu c id a t in g  th e  n a tu re  o f  t h i s  r o l e ,  th e  
exac t s ig n i f ic a n c e  of  5-HT I *1 the  b r a in  i s  s t i l l  unknown and much 
co n tro v e rsy  e x i s t s .  Many d i f f i c u l t i e s  are  a s s o c ia te d  w ith  t h i s  
problem: perhaps th e  most im portan t are  the  im p erm eab ili ty  o f  th e
blood b ra in  b a r r i e r  to  5-HT, th o se  a t te n d in g  th e  i n t e r p r e t a t i o n  
o f  " c e n t r a l  e f f e c t s "  i n  th e  presenoe and indeed  in f lu e n c e  o f  th e  
very  marked p e r ip h e ra l  e f f e c t s .  I n  an a ttem pt to  overcome th e  
im p erm eab ili ty  problem, th e  p re c u r s o r ,  5-Hy&roxytryptophan t 5-Hr£P)
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which does c ro ss  th e  blood b ra in  b a r r i e r , ^4 has been used i n  p la c e
o f  5-HT, bu t the  r e s u l t in g  e f f e c t s  must be viewed c r i t i c a l l y  as 5-HTP 
i s  a lso  d eca rb o x y la ted  i n  a re a s  o f  th e  b r a in  which do no t c o n ta in  
5-HT.9^
96 97Brodie and h i s  co-w orkers, and Marazzi and H art,  have
proposed t h a t  5-HT i s  p re s e n t  in  th e  c e n t r a l  nervous system as a
neurohormone. According to  B rod ie , 5-HT i s  a t r a n s m i t t i n g  subs tance
in  th e  p a rasy m p ath e tic  d iv i s io n  o f  th e  c e n t r a l  autonomic nervous
system w ith  n o ra d re n a l in e  as i t s  c o u n te rp a r t  i n  the  sym pathetic
d iv i s io n .  Marazzi and H a r t ,  however, c o n s id e r  i t  to  be an i n h i b i t o r y
sy n a p tic  neurohormone p o sse s s in g  an e x c lu s iv e ly  d ep res san t r o l e .
98 .O ther in v e s t i g a to r s  q u es tio n  th e se  p ro p o sa ls :  Iggo and Vogt, f o r  
example, found no fundamental d i f f e r e n c e s  between th e  p re g a n g l io n ic  
sym pathetic  outflow  o f  normal c a t s  and t h a t  o f  c a ts  i n  which th e  
b r a in  had been d e p le te d  o f  5-HT. T h is  o b se rv a tio n  would in d ic a t e  
th a t  th e  normal l e v e l  o f  5-HT i s  not e s s e n t i a l  f o r  e f f i c i e n t  
sym pathetic  d is c h a rg e .  The in fo rm a tio n  a v a i la b le  on chemical 
t ra n sm iss io n  in  th e  c e n t r a l  nervous system has been c r i t i c a l l y
99reviewed by C rossland and i t  i s  apparen t t h a t  th e  r o le  o f  5-HT i n
the  b r a in  i s  s t i l l  open to  q u e s t io n .  More r e c e n t  in v e s t ig a t io n s ,
however, ten d  to  support a t ra n sm is s io n  r o le  .for 5-HT; s e v e ra l  
100au th o rs  have re p o r te d  t h a t  5-HT i s  p r i n c i p a l l y  lo c a te d  i n
i s o l a t e d  nerve endings i n  the  mammalian b r a in ,  and th e  e l e c t r o -
101p h y s io lo g ic a l  s tu d ie s  o f  G erschenfe ld  and S te fa n i  on th e  c e n t r a l  
neurones o f  th e  m olluscan nervous system have l e d  th e se  a u th o rs  to  
support th e  view t h a t  5-HT a c t s  as a c e n t r a l  t r a n s m i t t e r .
When g iven sy s te m !c a l ly ,  5-HT produces s e d a t io n  and nervous 
d ep re s s io n ,  a lthough  mixed e f f e c t s  o f  d e p re s s io n  and e x c i t a t i o n  have 
a lso  been reco rd ed . The p r e c i s e  n a tu re  of  th e  e f f e c t  i s  dependent 
upon th e  sp e c ie s  and th e  dose ad m in is te re d .  Since 5-HT cannot c ro ss
the  blood b r a in  b a r r i e r ,  th e se  c e n t r a l  e f f e c t s  are  thought to  a r i s e
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from th e  a c t io n  o f  5-HT upon th e  blood v e s s e ls  o f  th e  b ra in ,
e i t h e r  by v a s o c o n s t r i c to r  a c t io n  or  an a l t e r a t i o n  i n  t h e i r  p e rm e a b i l i ty ,
o r  p o s s ib ly  by an i n d i r e c t  e f f e c t  upon c e r t a in  c e n t r e s  a s s o c ia te d
w ith  the  c e n t r a l  nervous system but which a re  o u ts id e  th e  blood 
102b r a in  b a r r i e r .  To bypass the  blood b ra in  b a r r i e r  and to  avoid  
th e  p e r ip h e ra l  e f f e c t s ,  5-HT has been in tro d u c e d  d i r e c t l y  i n to  th e  
b r a in  t i s s u e  and in to  th e  l a t e r a l  v e n t r i c l e s  o f  experim enta l 
an im als . The r e s u l t s  a re  r a t h e r  in c o n s i s t e n t  depending l a r g e l y  
upon sp e c ie s  and a re a  o f  a d m in is t r a t io n ;  no g en e ra l  co n c lu s io n s  
have been drawn.
Since U denfriend and h is  c o - w o r k e r d e m o n s t r a t e d  
t h a t  th e  a d m in is t r a t io n  o f  5-HTP r e s u l t e d  i n  an in c re a se d  l e v e l  o f  
5-HT in  th e  b r a in ,  t h i s  p re c u rs o r  has been w idely  used f o r  
i n v e s t i g a t i n g  th e  c e n t r a l  e f f e c t s  o f  h igh  5-HT l e v e l s .  At low 
doses 5-HTP g e n e ra l ly  d ec re ase s  spontaneous a c t i v i t y  and has a 
t r a n q u i l l i s i n g  e f f e c t ,  w hile  a t  h ig h e r  doses th e  e f f e c t s  vary  
co n s id e ra b ly ,  g e n e ra l ly  e x c i t a t i o n  r e s u l t s  bu t d ep re ssan t  e f f e c t s  
have a lso  been reco rd ed .
5-HT l e v e l s  may a lso  be r a i s e d  by th e  use o f  monoamine ox idase
(MAO) i n h i b i t o r s  ( e .g .  ip r o n ia z id )  which i n a c t i v a t e  th e  enzyme
104i n i t i a t i n g  th e  m etabo lic  breakdown o f  5-HT. The symptoms
induced by 5-HTP are  enhanced by p re - t re a tm e n t  w ith  th e  MAO
i n h i b i t o r s  but th e  r e l a t i o n s h i p  between th e  observed resp o n se , th e
c o n c e n tra t io n  o f  5-HT, and th e  use o f  MAO i n h i b i t o r s  i s  no t a sim ple
one. I n  c e r t a in  c ircu m stan ces , bo th  5-HTP and MAO i n h i b i t o r s  a re
n e c essa ry  to  induce a re sp o n se , w hile  alone th e y  are  i n e f f e c t i v e .
105Green and Sawyer have suggested  t h a t  MAO i n h i b i t o r s  in c re a s e  th e  
p e n e t r a t io n  o f  5-HTP in to  th e  b r a in  and f u r t h e r  propose th a t  5-HTP 
induced h igh  l e v e l s  o f  5-HT a re  i n  some way d i f f e r e n t  from th o se  
produced from endogenous p r e c u r s o r s .  The system i s  f u r t h e r  
com plicated  by th e  n o n - s p e c i f ic  n a tu re  o f  th e  i n h i b i t o r s ,  and th e
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la c k  of s p e c i f i c i t y  o f  MAQ i t s e l f .
The l e v e l  o f  5-HT in  th e  b ra in  and a lso  in  o th e r  t i s s u e s  may
be decreased  by th e  a d m in is ta t io n  o f  r e s e rp in e  and c e r t a in  r e l a t e d
a lk a lo id s .  The r a t e  and e x te n t  o f  l o s s  v a r i e s  accord ing  to  th e
sp e c ie s  and t i s s u e  under i n v e s t i g a t i o n .  D ep le tio n  o f  th e  t i s s u e
probab ly  r e s u l t s  from an in t e r f e r e n c e  w ith  th e  b in d in g  s i t e s  r a t h e r
than  an e f f e c t  upon th e  b io s y n th e s is  o f  5-HT. In  th e  c e n t r a l
nervous system, re s e rp in e  a c t s  p redom inan tly  as a t r a n q u i l l i s i n g
ag en t, and a lso  i n t e r f e r e s  w ith  th e  ex trapy ram ida l motor f u n c t io n s .
Whether th e se  e f f e c t s  are  a d i r e c t  consequenoe o f  th e  decreased
l e v e l  o f  5-HT i s  no t known, as r e s e rp in e  a lso  d ec re ase s  th e  l e v e l s
107of o th e r  b io lo g i c a l ly  im portan t b ra in  amines such as a d re n a l in e ,  
n o ra d re n a l in e ,  and dopamine.
The p e r ip h e ra l  e f f e c t s  o f  5-HT are  many and v a r ie d :  i t s  a c t io n
upon blood p re s s u re  i s  n e i t h e r  p u re ly  hypotensive nor h y p e r te n s iv e ,
but l i k e  many o f  i t s  p e r ip h e ra l  e f f e c t s  i s  dependent upon dosage,
ro u te  o f  a d m in is t r a t io n ,  and th e  sp e c ie s  and p h y s io lo g ic a l  c o n d i t io n  o f108
the  anim al. I t  in c re a s e s  c a p i l l a r y  p e rm e a b i l i ty  and has been
re p o r te d  to  in c re a s e  c a p i l l a r y  r e s i s t a n c e ,  i t  a f f e c t s  th e  fu n c t io n
of th e  h e a r t , t h e  k idneys (u s u a l ly  a c t in g  as an a n t i d i u r e t i c ) ^
110and induces b ro n c h o c o n s tr ic t io n .  I t  a lso  e x c i te s  a f f e r e n t  and
e f f e r e n t  autonomic f i b r e s ,  has a v a r i e t y  o f  e f f e c t s  upon enzyme
systems and in c re a s e s  i n t e s t i n a l  t o n e . ^ ^  T h is  e f f e c t  upon th e
g a s t r o - i n t e s t i n a l  t r a c t  a long  w ith  th e  n a t u r a l l y  h igh  l e v e l  o f  5-HT
in  th e  mucosa has le d  to  th e  su g g es tio n  t h a t  5-HT may be in v o lv ed
112in  p e r i s t a l s i s ,  a lthough t h i s  i s  now open to  q u e s t io n .
Rocha e S i lv a  and h i s  c o - w o r k e r s , s t u d y i n g  th e  e f f e c t  o f  
5-HT upon i s o l a t e d  guinea p ig  ileum , dem onstrated  th e  e x is te n c e  o f  
t i s s u e  r e c e p to r s  which r e a c t  p r e f e r e n t i a l l y  w ith  5-HT. Subsequent 
work by Gaddum and P i c a r e l l i ^ ^  qect *to -the d isco v ery  o f  two d i s t i n c t
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5-HT r e c e p to r s ,  one b e ing  a nervous element (,MJ which i s  blocked by 
morphine, methadone, a t ro p in e  and coca ine , w hile  th e  o th e r ,  termed
th e  D -receptor*  i s  lo c a te d  in  smooth muscle and i s  blocked by
115d ib e n zy lin e  and e rg o t  d e r iv a t iv e s .  More re c e n t  work J i n d ic a t e s
t h a t  a lthough s t im u la t io n  o f  a T - re c e p to r  in d u ces  a d i r e c t  response ,
s im i la r  i n t e r a c t i o n  a t  an M -recep tor le a d s  to  an i n d i r e c t  response ,
in v o lv in g  o th e r ,  p robab ly  c h o l in e rg ic ,  r e c e p to r s .  There i s  a lso
116
evidence for receptors of two typ©3 in the dog bladder;
s t im u la t io n  f i r s t  produces a tw i tc h  response from th e  nervous
r e c e p to r s ,  fo llow ed by a slower c o n t r a c t io n  from th e  muscle
r e c e p to r s .  In  o th e r  t i s s u e s ,  the  p ic tu r e  appears  to  be more complex
w ith  th e  p robable  e x is te n c e  o f  r e c e p to r s  which are  no t s p e c i f i c  to  
1175-HT; Mansour found th e  e f f e c t s  o f  5-HT and amphetamine to  be
118in d is t in g u is h a b le  i n  th e  l i v e r  f lu k e ,  and In n es  has dem onstrated  
t h a t  on ca t  sp leen  5“HT and a d re n a l in e  ac t  on th e  same r e c e p to r .  The 
i n a b i l i t y  of  morphine o r  a t ro p in e  to  i n h i b i t  th e  a c t io n  of  5-HT on 
t h i s  t i s s u e  i n d ic a t e s  t h a t  th e  c a t  sp leen  has no M -recep to rs ;  
moreover, the  r e s u l t s  from a d re n a l in e  and D-type a n ta g o n is t s  suggest 
t h a t ,  a lthough  th e re  are  r e c e p to r s  s im i la r  to  th o se  c la s se d  as D on 
th e  gu inea p ig  ileum , th e se  a re  no t s p e c i f i c  f o r  5-H^ on the  ca t  
sp le e n .
O r ig in a l ly ,  because o f  th e  s t r u c t u r a l  and pharm acological
119s i m i l a r i t i e s  between tryp tam ine  and 5-HT, '  i t  was assumed th a t
th e se  two in d o lea lk y lam in es  ac t  a t  th e  same r e c e p to r .  However, more
120re c e n t  o b se rv a tio n s  have c a s t  some doubt upon t h i s  and two
se p a ra te  r e c e p to r s  f o r  tryp tam ine  and 5-HT have been proposed . An
i n t e r e s t i n g  a l t e r n a t i v e  e x p la n a t io n ,  r e q u i r in g  th e  e x is te n c e  of
121only  one r e c e p to r ,  has been proposed by Vane: th e  pharm acological
d i f f e r e n c e s  between tryp tam ine  and 5-HT, are  s a id  to  r e s u l t  from th e  
g r e a t e r  p e rm e a b i l i ty  o f  th e  c e l l  membrane to  tryp tam ine  than  to  th e  
more p o la r  5-HT. T h is  would r e s u l t  i n  tryp tam ine  being  m etabo lised  
by i n t r a c e l l u l a r  MAO more r a p id ly  th an  5-HT and may account f o r  th e
- 31-
observed  pharm aco log ica l d i f f e r e n c e s .
The n a tu re  o f  th e  5-HT r e c e p to r  has a ls o  been i n v e s t ig a t e d  in
4 2th e  m olluscan  h e a r t ,  where i t  i s  though t t h a t  5-HT a c t s  as a n eu ro -
122t r a n s m i t t e r .  T h is  p r e p a r a t io n  i s  h ig h ly  s e n s i t i v e  to  5-HT; low 
doses cause a p o s i t i v e  i ^ n o t r o p ic  e f f e c t ,  w hile  h ig h e r  c o n c e n t r a t io n s  
in c re a s e  muscle to n e .  The r e s u l t s  i n d i c a t e  t h a t  t ry p tam in e  and 
pheny le thy lam ine  a c t  a t  th e  same s i t e  as  5-HT and r e l a t e d  in d o le -  
a lk y lam in es ,  d e m o n s tra t in g  t h a t  th e  in d o le  n u c le u s  i s  n o t e s s e n t i a l  
f o r  a c t i v i t y .  A lthough try p tam in e  and a l k y la t e d  d e r iv a t i v e s  a re  l e s s  
p o te n t  th a n  5-HT, b u fo te n in e  and p a r t i c u l a r l y  l y s e r g i c  a c id  d i e t h y l ­
amide (LSD), i n  c o n t r a s t  to  t h e i r  a c t i v i t i e s  on o th e r  p e r ip h e r a l  5-HT 
r e c e p to r s ,  a re  more a c t iv e  th a n  5-HT i t s e l f .  The h igh  a c t i v i t y  o f  
LSD on t h i s  p r e p a r a t io n  le d  Greenberg to  su g g es t  t h a t  t h i s  a lk a lo id  
r e p r e s e n t s  th e  optimum s t e r i c  arrangem ent o f  th e  in d o le  n u c leu s  and 
th e  "e thy lam ine"  s id e  ch a in  f o r  5-H T -lik e  a c t i v i t y .  Hence he
d e s c r ib e d  th e  conform ation  o f  5-HT a t  th e  same r e c e p to r  i n  te rm s o f
121t h i s  arrangem ent ( se e  f i g .  5)* Gyermek, J however, q u e s t io n s  th e
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re le v a n c e  o f  t h i s  op tim al confo rm ation  o f  5-HT f o r  r e c e p to r  s i t e s
o th e r  th a n  th o se  o f  th e  m olluscan  h e a r t  i n  which LSD has  a s t im u la n t  
e f f e c t .  Minor m o d if ic a t io n s  o f  LSD, such as H— o r  2 ) ” s u b s t i t u t i o n ,
y ie ld  ana logues  w ith  o n ly  b lo c k in g  p r o p e r t i e s ,  su g g e s t in g  t h a t  th e se
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m o d if ic a t io n s  a f f e c t  th e  i n t r i n s i c  a c t i v i t y  o f  th e  m olecule r a th e r  
than  i t s  a f f i n i t y .
As a consequence of the  g re a t  i n t e r e s t  i n  5*^ HT, a number of  
r e l a t e d  in d o le  d e r iv a t iv e s  have been sy n th e s ise d  and t h e i r  pharma­
c o lo g ic a l  a c t i v i t y  i n v e s t ig a te d .  Although most o f  th e se  p o sse ss  
a n ta g o n is t ic  p r o p e r t i e s ,  some have been found to  induce 5-H T -like  
e f f e c t s .  The m a jo r i ty  o f  t e s t s  have been c a r r i e d  out on smooth 
muscle p r e p a r a t io n s ;  i n  g e n e ra l ,  no c o r r e l a t i o n  has been observed 
between t h e i r  chemical s t r u c tu r e  and t h e i r  o v e r a l l  pharm acological 
a c t i v i t y  upon th e se  v a r ie d  t i s s u e s ,  bu t c e r t a i n  s i m i l a r i t i e s  in  th e
responses  o f  r a t  u te ru s  and r a t  stomach do make some g en e ra l  comments 
8?p o s s ib le .  A 5-hydroxyl group i s  e s s e n t i a l  f o r  maximum a c t i v i t y  on
th e se  p r e p a r a t io n s ;  try p tam in es  p o s s e s s in g  a 4-> 6- ,  o r  7-hydroxyl
group are  p ro g re s s iv e ly  l e s s  a c t iv e ,  w hile th e  u n s u b s t i tu te d
tryp tam ine  has an a c t i v i t y  in te rm e d ia te  between th o se  of  4— and 6-
124hydroxy tryp t ami ne s . O fferm eier  and A riens a t t r i b u t e  t h i s
v a r i a t i o n  i n  a c t i v i t y  to  a v a r i a t i o n  i n  th e  a f f i n i t i e s  o f  th e se
try p tam in es  f o r  th e  r e c e p to r  r a t h e r  th a n  to  any s i g n i f i c a n t
d i f f e re n c e s  i n  t h e i r  i n t r i n s i c  a c t i v i t i e s .  The in t r o d u c t io n  of
o th e r  s u b s t i t u e n t s  in to  th e  in d o le  n u c leu s ,  p a r t i c u l a r l y  ha logens ,
a lso  d ec rease s  a c t i v i t y .  S u b s t i tu t io n  o f  th e  ethylam ine s id e  chain
in to  the  2- p o s i t i o n  e f f e c t i v e l y  d e s tro y s  a l l  a c t i v i t y ,  as does
s u b s t i t u t i o n  o f  a methylamine group i n  p la c e  o f  the  ethylam ine s ide
chain  of n a tu r a l  t ry p ta m in e s .  Alkyl s u b s t i t u t i o n  on th e  amino group
has a v a r i a b l e , e f f e c t , but s im i la r  s u b s t i t u t i o n s  on theoc-C atom of
th e  s id e -c h a in  le a d  to  decreased  a c t i v i t y ,  th e  e f f e c t  o f  a methyl
group be ing  s l i g h t ,  whereas w ith  l a r g e r  a lk y l  groups th e  e f f e c t
becomes more pronounced. In  g en e ra l ,  analogues m ethyla ted  i n  the  1 -
p o s i t io n  o f  th e  in d o le  nuc leus  p o sse ss  s im i la r  a c t i v i t i e s  to  those
125of th e  u n s u b s t i tu te d  try p ta m in e s .  The e f f e c t  o f  such s t r u c tu r a l  
v a r i a t io n s  upon th e  a c t i v i t i e s  o f  c e r t a in  try p tam in es  and hydroxy-
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try p tam in es  has been d isc u sse d  r e c e n t ly  in  r e l a t i o n  to  th e  5-HT
124 126
re c e p to r  by O fferm eier and A rien s . 9
The m u lt i tu d e  of 5~HT a n ta g o n is t s  which have been p rep ared
and s tu d ie d  ph arm aco lo g ica lly  have been reviewed by many au th o rs
from v a r io u s  a s p e c ts ;  t h e i r  genera l c a rd io v a s c u la r  p r o p e r t i e s
and t h e i r  e f f e c t s  upon i s o l a t e d  organs have been d isc u sse d  by 
127Gaddum. L y serg ic  ac id  and i t s  d e r iv a t iv e s  are  the  main to p ic
128 129 o f review s by Gaddum and R o th l in .  A comprehensive review  of
a l l  a n ta g o n is t s  has been p u b lish ed  by J a c o b , a n d  more r e c e n t ly
Gyermek^^ has d isc u sse d  the  p e r ip h e ra l  n e u ro tro p ic  a n ta g o n is t s  o f
5-HT. The compounds regarded  as a n ta g o n is t s  are  those  which are
thought to  p rev en t th e  pharm acological e f f e c t s  o f  5-HT i n  vivo and
in  v i t r o  w ithout d i r e c t l y  i n t e r f e r i n g  w ith  th e  b io s y n th e s i s ,  the
m etabolism , o r  the  r e le a s e  o f  5-HT.
Many N -a lk y la te d  d e r iv a t iv e s  o f  5-HT and tryp tam ine  show *
r e v e r s ib l e  and com petitive  b lock ing  of th e  spasmogenic a c t io n  of
1325-HT on smooth m uscle. A lk y la tio n  and a r y l a t i o n  a t  o th e r  
p o s i t io n s  in  th e  m olecule, and e t h e r i f i c a t i o n  o f  th e  hydroxyl 
group, o f te n  y ie ld  compounds capable o f  an tag o n is in g  the  e f f e c t s  
o f  5-HT on blood p re s su re  as w ell as on smooth muscle p re p a ra t io n s .  
Such compounds in c lu d e  th e  p o te n t  l-benzy]r2-m ethyl-5-hydroxy- 
tryp tam ine  (BAS phenol; XVIII) ,  i t s  5-niethoxy d e r iv a t iv e  (BAS; XIX), 
th e  N ,F -d im ethy l-5 -me‘thoxy d e r iv a t iv e  (BAB; XX) and l-(p -m ethoxy- 
b e n z y l) -2-m eth y l-5 “ Hydroxytryptamine (XXI). R ecen tly  th e  c o r re s ­
ponding d e r iv a t iv e s  o f  t ry p to p h an  and 5-HTP have al30 been prepared
134and found to  p o ssess  i n t e r e s t i n g  c e n t r a l  e f f e c t s .  Gramine
(XXII) and se v e ra l  d e r iv a t iv e s  such as 2-m ethyl-5-chlorogram ine
(XXIII) and 5-benzyloxygramine (XXIV) a lso  e x h ib i t  high in  v i t r o
135a n ta g o n is t ic  a c t i v i t y  but th e se  are  g e n e ra l ly  sh o r t  a c t in g  
in  v iv o , p robab ly  due to  t h e i r  r a p id  m etabo lic  i n a c t iv a t io n .
C e rta in  4 - s u b s t i t u t e d  in d o le  d e r iv a t iv e s  have been 
in v e s t ig a te d  and found to  be 5-HT a n ta g o n is t s ;  th e se  inc lude
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4 - in d o le c a rb o x y l ic  ac id  d ie thy lam ide  (XXV) and th e  N ,N -dim ethy la ted  
in d o le a lk y lam in es ,  p s i l o c in  (XXVI), b e n z y lp s i lo c in  (XXVII), 
p s i l o c i n  benzoate  (XXVIIl) and- p s i lo c y b in  (XXIX)*
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Amino-, a lk y la te d  amino-, and n i t r o - n u c l e a r  s u b s t i t u t e d  in d o le s
136have a lso  been p rep ared  f o r  t h e i r  a n ta g o n is t i c  p r o p e r t i e s ;  th e  
most im portan t o f  th e se  are  th e  a lk y la te d  amino d e r iv a t iv e s  medmain 
(XXX) and methylmedmain (XXXl).
( c h 3)2n
H
c 2h 5
c h 3
XXX
(cHa\  N
Nr CH3
XXXI
Q uaternary  ammonium s a l t s  o f  N ,N -d ia lk y ltry p tam in es  o f  g enera l
137form ula XXXII have been p repared  and in v e s t ig a te d  by Gyermek.
These oompounds, and in  p a r t i c u l a r  m -chlorobenzylbufo ten in ium  
bromide (XXXIII), a re  p o te n t  n e u ro tro p ic  5-HT a n ta g o n is t s  o f  p e r ip h ­
e r a l  r e c e p to r s  bu t have lov; potency on m uscular re c e p to rs*  In d o le -  
"l 3ftace tam id ines  e x h ib i t  s im i la r  p r o p e r t i e s ,  5-H ydroxy indo l-3- y l -  
acetam idine (XXXIY) being  p a r t i c u l a r l y  p o te n t .  A t h i r d  group o f  
n e u ro tro p ic  b lo c k e rs  a re  th e  guanid ine d e r iv a t iv e s  (XXXV);^^ th e se  
a re  l e s s  s e l e c t iv e  than  th e  q u a te rn a ry  ammonium try p tam in es  o r  
ace tam id ines  and show some 5-HT s tim u la n t p r o p e r t i e s .
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T e trah y d ro c a rb a z o le s ,  which a re  analogues o f  some sim ple 5-^T
140a n ta g o n is t s ,  were in v e s t ig a te d  by Gaddum and h i s  co-workers
and by Shaw and W oolley;^^" c e r t a in  o f  th e se  g ive some p r o te c t io n
a g a in s t  th e  p r e s s o r  e f f e c t s  o f  5-^T.
A n tih is tam in es  e x h ib i t  moderate a n t i - 5-HT po tency  i n  i s o l a t e d  
organs bu t t h i s  i s  s u b s t a n t i a l l y  reduced in  v iv o * The most p o te n t  
i s  cyprohep tad ine ;  ^ 2  t h i s  b locks  th e  e f f e c t s  o f  5-KT on dog blood 
p re s s u re ,  spasmogenic e f f e c t s  on r a t  u te ru s ,  and p re v e n ts  r a t  paw 
oedema. There appears to  be no c o r r e l a t i o n  between th e  anti-5-H T 
a c t i v i t y  o f  a n t ih is ta m in e s  and t h e i r  a n t ih i s t a m in ic  or lo c a l  
a n a e s th e t ic  a c t i v i t y .
C h lo rp rom az ine^^  b locks th e  e f f e c t s  o f  upon c e r t a i n
smooth muscle p r e p a ra t io n s ,  th e  c a p i l l a r i e s  o f  th e  r a t  paw, and i n  
c e r t a in  in s ta n c e s  upon blood p re s su re  of c a t s  under gang lion  
b lockade. The b lo c k in g  i s  no t s p e c i f ic s  chlorprom azine an tag ­
o n ise s  th e  b ro n c h o c o n s tr ic to r  a c t io n  o f  h is tam in e ,  a c e ty lc h o l in e  
and n ic o t in e ,  and th e  s t im u la t io n  o f  a c e ty lc h o l in e  upon th e  i n t e s t ­
in e .  O ther p h en o th iaz in e s  a lso  e x h ib i t  a n t i - 5-HT a c t i v i t y  b u t ,  
w ith  a few l im i te d  ex c e p tio n s ,  t h i s  i s  l e s s  th an  t h a t  o f  c h lo r ­
promazine.
C e r ta in  sym patho ly tic  drugs (dibenam ine, d ib e n z y lin e  e t c . )  
b lock , o f te n  i r r e v e r s i b l y ,  th e  a c t io n  o f  5“^  upon th e  smooth
muscle L - re c e p to r s  o f  i s o l a t e d  o rgans . T h e ir  e f f e c t  upon the
11^nervous M -recep to rs  i s  much l e s s  pronounced. O ther 5“^  a n t­
a g o n is ts  in c lu d e  c e r t a i n  sympathomimetic am ines ,-*-44 m orphine-type 
a n a l g e s i c s ,  ^ 5  a t r o p in e - l ik e  d rugs ' ^ 0 and c e r t a in  a m tid e p re s sa n ts .  
R ecen tly  c e r t a in  am inoalkyl s u b s t i t u t e d  benzene d e r iv a t iv e s  have 
a lso  been shown to  p o ssess  s t ro n g  a n t i - 5 “HT p r o p e r t i e s .
L y se rg ic  ac id  (XXXVI) and i t s  d e r iv a t iv e s  form th e  most
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im portan t and p o te n t  group o f  5-2T a n ta g o n is t s  known. Gaddum 
f i r s t  no ted  th e  h igh  a c t i v i t y  o f  LSD (XXXVII) which p re v e n ts ,  "by 
com petitive  b lo ck in g , the  m a jo r i ty  o f  p e r ip h e ra l  e f f e c t s  o f  5-HT 
and i t s  r e l a t e d  in d o le a lk y lam in e s .  P h arm aco lo g ica lly  LSD has very  
pronounced c e n t r a l  e f f e c t s :  i t  induces  h a l lu c in a t io n s  and symptoms
s im i la r  to  th o se  o f  sc h izo p h ren ia ,  and e l i c i t s  autonomic e f f e c t s  
which may be e i t h e r  sym pathetic  o r  parasy m p a th e tic  in  n a tu r e .  I t s  
p e r ip h e ra l  e f f e c t s ,  o f te n  5- ^ - l i k e ,  in c lu d e  an o x y to c ic  a c t io n  
and a v a s o c o n s t r i c to r  a c t io n  on p e r fu se d  blood v e s s e l s .  In  v iv o , 
however, th e  d e p re s s iv e  a c t io n  on th e  vasomotor c e n tre  g e n e ra l ly  
predom inates over th e  v a s o c o n s t r i c to r  a c t io n  and r e s u l t s  in  an 
o v e r a l l  d e p re s s io n  o f  b lood p r e s s u r e .  On some m ollusc h e a r t s  LSD 
i s  a more p o te n t  s t im u la n t  th an  5- ^  i t s e l f .
H C O R a
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The potency o f  LSD as an h a l lu c in o g en  and as an a n ta g o n is t  o f
5-HT le d  Woolley and Shaw ^^ to  suggest t h a t  th e  symptoms of 
sc h izo p h ren ia ,  which a re  s im i la r  to  those  induced by LSD, might be
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caused by a d e f ic ie n c y  o f  5-HT i n  th e  b r a in  brought about by
m etab o lic  f a i l u r e .  The s t r u c t u r a l  s i m i l a r i t y  between 5-HT and LSD 
appeared to  give f u r t h e r  support to  t h i s  concept^ ^  (see  f i g .  5) •
L a te r  o b s e rv a t io n s ,  however, te n d  to  c o n t r a d ic t  th e  p o s s i b i l i t y  
t h a t  LSD-induced h a l lu c in a t io n s  a re  th e  r e s u l t  o f  c e n t r a l  5-HT 
antagonism . The psychotom im etic p o te n c ie s  o f  th e  ly s e r g i c  ac id  
d e r iv a t iv e s  appear to  be com pletely  u n r e la te d  to  t h e i r  a b i l i t y  to  
an tagon ise  5-HT p e r ip h e r a l ly .  Ergom etrine (XXXVIII) ,  f o r  example, 
i s  a most p o te n t  5-HT a n ta g o n is t  bu t has no psychotom im etic 
p r o p e r t i e s  and 2 -b rom olyserg ic  ac id  d ie th y lam id e  (BOL$ XXXIX) b lo ck s ,  
r a t h e r  than  r e in f o r c e s ,  the  c e n t r a l  e f f e c t s  o f  LSD.
Evidence t h a t  LSD in  f a c t  induces s l i g h t  in c re a s e s  in  c e re b ra l  
5-HT l e v e l s  has been re p o r te d  by Freedman and Criarman.^51 i n  
c o n t ra s t  to  those  induced by 5-HTP and ip r o n ia z id ,  in c re a s e s  due to  
LSD could be com plete ly  accounted f o r  i n  p a r t ic le -b o u n d  5-HT.
Although s im i la r  e le v a te d  l e v e l s  were observed w ith  o th e r  r e l a t e d  
psychotom im etic d rugs , no in c re a s e s  were d e te c te d  a f t e r  a d m in is t r a t io n  
o f  non-psychotom im etic analogues such as BOL o r  1-m e th y l ly se rg ic  
ac id  butanolam ide (XL). Furtherm ore th e  u n re la te d  psychotom im etic 
d rugs , yohimbine, m escaline and c e r t a in  indoleam ines have a lso  been 
shown to  in c re a s e  b r a in  5-HT.
Recent evidencei in d ic a t e s  t h a t  symptoms o f  sc h izo p h ren ia  may be
induced by an a l t e r e d  in d o le  m etabolism s^^2  th e  h a l lu c in o g e n ic
p r o p e r t i e s  o f  N -a lk y la te d  try p tam in es  are  w ell documented, and 
153Axelrod has dem onstrated  t h a t  N -m ethy la tion  o f  tryp tam ine  and
5-HT ta k e s  p la ce  i n  r a b b i t  lu n g  t i s s u e .  Hydroxyl a t  io n  o f  jtf-
154a lk y la te d  try p tam in es  has a lso  been proposed  as an im portan t s tep  
i n  th e  b io s y n th e s is  o f  p sy choac tive  m o lecu les . Thus, th e  p o s s i b i l i t y  
o f  th e  body s y n th e s is in g  h a l lu c in o g e n ic  compounds oannot be excluded .
155Enzymatic 0-m e th y la t io n  o f  5-HT and i t s  N -ace ty l d e r iv a t iv e
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a ls o  ta k e s  p la c e  i n  body t i s s u e s ,  th e  p h y s io lo g ic a l  r o l e s  o f  th e
r e s u l t i n g  5- me‘tHoxytryptamines a re  n o t c l e a r l y  understood  bu t
m ela ton in  ( N -a c e ty l -5-m ethoxytryptam ine) i s  thought to  p a r t i c i p a t e
in  th e  t r a n sm is s io n  o f  o p t ic a l  in f lu e n c e s  to  the  g o n ado troph ic -
p i t u i t a r y  mechanism. 5- ^ 0iHoxytryptam ine a l t e r s  th e  c o n d it io n ed
behav iour o f  anim als and has a h igh  po tency  on p e r ip h e ra l  smooth
muscle 5-HT receptors*, i t s  e f f e c t  upon nervous r e c e p to r s  s e n s i t i v e
to  5-HT, however, i s  n e g l ig ib l e .  P h arm aco lo g ica lly ,  m ela ton in  i s
i n e f f e c t i v e  on smooth muscle and g a n g lio n ic  5-HT r e c e p to r s ,  but has
a s ig n i f i c a n t  a c t io n  on th e  c e n t r a l  nervous system, in f lu e n c in g  th e
e p i th a la m o - p i tu i t a r y  system . A f u r t h e r  d e r iv a t iv e  o f  5-ni®thoxy-
tryp tam ine  thought to  have p h y s io lo g ic a l  s ig n i f ic a n c e  i s  th e  N,N-
156dim ethyl analogue; i t  e x h ib i t s  bo th  marked behav iou ra l and 
p e r ip h e ra l  e f f e c t s ,  bu t i t s  p r e c i s e  r o le  i n  th e  body i s  no t known.
The g enera l la c k  o f  c o r r e l a t i o n  between th e  c e n t r a l  and
p e r ip h e ra l  p o te n c ie s  o f  th e  in d o le a lk y lam in es  dem onstra tes  th e
d i f f e re n c e  in  s t r u c t u r a l  requ irem en ts  f o r  c e n t r a l  and p e r ip h e ra l
157a c t i v i t y .  For t h i s  reaso n , Gyermek ^ has ques tioned  th e  use o f  
p e r ip h e ra l  r e c e p to r s ,  which a re  in f lu e n c e d  by th e se  in d o le a lk y l -  
amines, as model systems f o r  th e  h y p o th e t ic a l  c e n t r a l  nervous 
system r e c e p to r s .  T h is  makes th e  assum ption , o f  cou rse , t h a t  the  
la c k  o f  c o r r e l a t i o n  in  p o te n c ie s  i s  a d i r e c t  consequence o f  th e  
d i f f e re n c e  in  th e  r e c e p to r s  r a t h e r  than  o f  d i f f e r e n c e s  in  th e  ease 
of  t r a n s p o r t  o f  th e  in d o lea lk y lam in es  to  th e  r e c e p to r s .
However, due to  th e  h igh  com plexity  o f  even th e  s im p les t  
r e c e p to r  system, th e  n a tu re  o f  th e se  p e r ip h e ra l  r e c e p to r s  has not 
been com plete ly  e lu c id a te d .  I n t e r p r e t a t i o n  o f  drug a c t io n  i n  term s 
o f  d ru g - re c e p to r  i n t e r a c t i o n s  i s  com plicated  by th e  la c k  o f  inform ­
a t io n  concern ing  s to rag e  s i t e s  and i n a c t i v a t i n g  enzyme s u r fa c e s ,  
which are  c e r t a i n l y  p re s e n t  i n  th e  whole an im al, and may a lso  occur 
in  c e r t a i n  i s o l a t e d  o rgans . These s i t e s ,  i f  p r e s e n t ,  compete w ith
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th e  t r u e  5-HT r e c e p to r  f o r  occupation  and, as  a consequence, th e
observed e f f e c t  induced by a p a r t i c u l a r  drug i s  th e  r e s u l t  o f  a
com bination o f  th e  r e l a t i v e  r a t e s  o f  r e a c t io n  o f  th e  drug w ith  th e
v a r io u s  s i t e s ,  and the  number and lo c a t io n  o f  th e se  s i t e s .  The
d i s t r i b u t i o n  o f  th e  drug  between th e se  s i t e s  i s  a lso  r e le v a n t  in
d e te rm in in g  w hether th e  drug p o t e n t i a t e s  5-HT by p r e f e r e n t i a l l y
r e a c t in g  w ith  an enzyme in a c t i v a t i n g  s u r fa c e ,  o r  b locks  5-HT by
i n t e r a c t i n g  w ith  th e  t r u e  r e c e p to r  s i t e .  The in c re a s e s  in  5-HT
151l e v e l s  which have been re p o r te d  i n  c e r t a in  t i s s u e s   ^ a f t e r  the  
a d m in is t r a t io n  of  LSD maybe ex p la in ed  in  term s o f  t h i s  system , LSD 
p r e f e r e n t i a l l y  i n t e r a c t i n g  w ith  th e  i n a o t i v a t i n g  s i t e s  f o r  5-HT 
le a d in g  to  a decreased  r a t e  o f  5-HT m etabolism .
I n v e s t i g a t i o n s  in v o lv in g  5-HT a n ta g o n is t s  a re  faced  w ith  a 
f u r t h e r  com plica tion  i n  t h a t  the  a n ta g o n is t s  are  thought to  p o ssess  
a dual mode of a c t io n :  th ey  may e i t h e r  compete w ith  5-HT f o r
unocoupied s i t e s ,  o r  may a t t a c k  occupied s i t e s  r e s u l t i n g  i n  th e  
rep lacem ent and r e le a s e  o f  5-HT from th e se  s i t e s .  Consequently  a 
complex and v a r ia b le  s t a t e  may e x i s t  w ith  d i s t r i b u t i o n  and r e d i t r i b -  
u t io n  o f  5-HT o c c u rr in g  between th e  v a r io u s  s i t e s  a v a i l a b le .
Such com plica tions  as o u t l in e d  above make the  s tudy  of 5-HT 
re c e p to r s  a form idable  ta s k  and a lthough  a v a r i e t y  o f  methods and 
approaches have been des igned  and employed no g enera l co n c lu s io n s  
have been drawn re g a rd in g  t h e i r  s t r u c t u r e .  However, the  in fo rm atio n  
gained  i n  r e c e n t  y e a rs  has p rovided  a gen e ra l u n d ers tan d in g  o f  the  
co m p lex it ie s  a s s o c ia te d  w ith  r e c e p to r  s tudy  and g ives  some in d ic a t io n s  
as to  th e  d i r e c t i o n  t h a t  f u r t h e r  in v e s t ig a t io n s  might ta k e .
A nalysis  o f  th e  i n t e r a c t i o n s  between s p e c i f i c  5-HT analogues and a 
simple b io lo g i c a l l y  re sp o n s iv e  i s o l a t e d  system would seem to  be one 
approach o f  p a r t i c u l a r  value i n  de te rm in in g  th e  s t r u c t u r a l  r e q u i r e ­
ments and hence the  gen e ra l c o n f ig u ra t io n  o f  c e r t a in  5-HT r e c e p to r s .
DISCUSSION
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D esp ite  th e  con tinued  i n t e r e s t  shown in  5-HT, l i t t l e  i s  known
concern ing  i t s  s i t e  o f  a c t io n ;  G r e e n b e r g 's ^  p i c t o r i a l  r e p r e s e n t -
123a t io n  o f  th e  5-HT r e c e p to r  in  th e  m olluscan h e a r t ,  as Gyermek 
has a l re a d y  made c l e a r ,  cannot he d i r e c t l y  accep ted  as a genera l 
s t r u c t u r e  f o r  5-HT re c e p to r s  in  o th e r  sp e c ie s  and o th e r  t i s s u e s #
Even w ith  r e s p e c t  to  th e  m olluscan h e a r t ,  t h i s  h y p o th e t ic a l  
s t r u c t u r e  was based on th e  o b se rv a tio n s  o f  on ly  one compound 
b e l ie v e d  to  have th e  optimum co n f ig u ra tio n #  In  an a ttem pt to  l e a r n  
more about th e  requ irem en ts  o f  th e  5-HT r e c e p to r ,  th e  s y n th e s is  of 
a s e r i e s  o f  compounds s t r u c t u r a l l y  r e l a t e d  to  5-HT was undertaken#
The i n t e n t io n  was to  p rep a re  compounds in  which th e  3 - e th y l -  
amine s id e  chain  o f  th e  n a tu r a l  t ry p tam in es  was he ld  in  v a r io u s  
conformations# In  t h i s  way, th e  d is ta n c e s  between th e  groups 
thought to  be o f  p a r t i c u l a r  b io lo g io a l  s ig n i f ic a n c e  (hydroxy l, 
in d o le  r in g  n i t ro g e n  and amine) would be f ix e d  w ith in  f a i r l y  sm all 
l i m i t s  and a pharm acological s tudy  o f  such compounds should  
i n d ic a t e  th e  most fav o u rab le  arrangement f o r  optimum b io lo g ic a l  ac­
t i v i t y .  Using th e  m olecu lar  arrangem ents a s s o c ia te d  w ith  maximal 
a c t i v i t y  as model, i t  should then  be p o s s ib le  to  d e sc r ib e  th e  
c o n f ig u ra t io n  o f  recep to r-b o u n d  5-HT and so to  draw conc lusions  
concern ing  th e  n a tu re  o f  th e  r e c e p to r  s i t e  under in v e s t ig a t i o n .  
S tu d ie s  w ith  v a r io u s  5 -H T -sen s it iv e  p r e p a ra t io n s  should a lso  y ie ld  
in fo rm a tio n  concern ing  th e  v a r i a t i o n  i n  requ irem en ts  o f  r e c e p to r s  
o f  d i f f e r e n t  t i s s u e s .  Among th e  most v a lu a b le  compounds f o r  such 
an in v e s t i g a t io n  would seem to  be th e  5-HT analogues XLI-XLVI. Of 
p a r t i c u l a r  i n t e r e s t  would be a s tudy  o f  th e  a c t io n  o f  th e se  compounds 
on th e  m olluscan h e a r t ;  i f  th e  s t r u c tu r e  proposed by Greenberg 
a c tu a l ly  has any r e a l  s ig n i f ic a n c e  then  the  te trahydrobenz  [ c ,d ] -  
in d o le  (XLl) should prov ide  th e  b e s t  f i t  and e x h ib i t  maximum
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a c t i v i t y ,  while th e  rem ain ing  compounds, which cannot adopt t h i s  
conform ation , should be c o n s id e rab ly  l e s s  ac tiv e*  T h is  should 
p rov ide  a s t r in g e n t  t e s t  f o r  Greenberg*s proposals*
OH
HN
XL!
NH2 H O . y X
HO.
XL IV
XLU
HO.
XLV
2
. n h 2
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Like the  n a tu r a l  s u b s t r a t e ,  5~HT, th e  compounds XLI-XLVI 
p o sse ss  a 5-<kydroxylated in d o le  u n i t  and a prim ary  amino group two 
oarbon atoms removed from th e  p o s i t io n  o f  th e  in d o le  n u c le u s .
The f l e x i b l e  a m in o -su b s t i tu te d  e th y l  s id e -c h a in  o f  5-HT i s  in c o rp ­
o ra te d  i n to  a t h i r d  r in g  which th e reb y  s e v e re ly  l i m i t s  th e  number 
o f  conform ations th e  s id e  cha in  may adop t. Owing to  th e  b r id g in g  
i n  th e  fu sed  b ic y c lo ( 2 , 2,1] heptane d e r iv a t iv e  (XLV), th e  u n i t  
co rrespond ing  to  th e  5- ^  s id e  chain  has even g r e a t e r  r i g i d i t y .  
O ther compounds o f  i n t e r e s t  but having s t e r i c  r e l a t i o n s h i p s  more 
removed from those  thought to  be p o s s ib le  in  5-HT are  th e  in d o le  
d e r iv a t iv e s  XLVII-L. The te trah y d ro b en z  [c,dj in d o le  (L) i s  i n  fac t ,  
a tryp tam ine  analogue, w hile  compounds XLVII-XLIX, a lthough  no t 
p o s s e s s in g  a u n i t  co rrespond ing  to  the  ethylam ine s id e -c h a in ,  s t i l l  
approxim ate to  p o s s ib le  extreme s p a t i a l  arrangem ents which th e  
fu n c t io n a l  groups o f  tryp tam ine  and might adopt a t  th e  r e c e p t ­
o r  s i t e .  Although extreme conform ations o f  5-HT &i*e g e n e ra l ly  to  
be reg a rd ed  as unfavourab le  th ey  should no t be com pletely  ig n o red  
as i t  i s  reco g n ised  th a t  drugs may adopt norm ally  un favourab le
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conform ations on com pleting w ith  th e  r e c e p to r .
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The approach o f  employing Mr i g i d ” o r  " p a r t i a l l y  r ig id "  
analogues in  a t tem p ts  to  e lu c id a te  th e  n a tu re  o f  r e o e p to rs  has been 
a p p l ie d  to  r e c e p to r s  o th e r  than  those  o f  l a  p a r t i c u l a r ,
se v e ra l  such s tu d ie s  have been made w ith  th e  a c e ty lc h o l in e  r e c e p to r ;
nC *] cO
in  t h i s  connection  th e  work o f  B e lle au  and h i s  co-w orkers 9
u s in g  1 , 3 -d ioxo lane  d e r iv a t iv e s  (see  p . 21) and o f  Smissman and
159LaPidus and t h e i r  oo-workers u s in g  s u b s t i t u t e d  d e c a l in s  may be
160c i t e d .  S u i ta b ly  s u b s t i tu t e d  p ip e r id in e  and morpholine d e r iv a t iv e s  
and a o e to x y tro p in e s ^ ^ h a v e  a lso  been p rep ared  as " l e s s  f l e x i b l e "  
forms o f  a c e ty lc h o l in e .  A f u r t h e r  example i s  p rov ided  by th e  use 
o f  s u i t a b ly  s u b s t i t u t e d  cyc lopen tanes  by B e lle au  and C o o p e r^ ^  which 
enabled  them to  make d ed u c tio n s  concern ing  th e  conform ation adopted 
by N - ( p  - c h i o r o e t h y l ) - 2-phenoxyethylam ine a t  th e  a d re n e rg ic  r e c e p to r .
The s t e r o i d  and d i te rp e n o id  s k e le to n s  have a lso  been used f o r  
th e  p r e p a ra t io n  o f  r i g i d  analogues o f  proven d rugs; b i s q u a te m a r y  
ammonium s t e r o i d s  w ith  r e s t r i c t e d  in te ro n iu m  d is ta n c e s  have been 
sy n th e s ise d  and used in  in v e s t i g a t io n s  aimed a t  d e te rm in in g  th e  
importanoe o f  in te ron ium  d is ta n c e  in  neurom uscular b lo c k in g  
a c t i v i t y . 1^  The p h y s io lo g ic a l  a c t i v i t y  o f  c e r t a in  s t e r o i d s ,  such 
as o es tro g e n s ,  has a lso  been a t t r i b u t e d  to  th e  f ix e d  in t e r f u n c t i o n a l
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group d i s t a n c e , a n d  in  f a c t  a number o f  d i te rp e n o id s  b e a r in g  
two oxygen fu n c t io n s  a t  c e r t a in  f ix e d  d is t a n c e s  a lso  e x h ib i t  h igh  . 
o e s tro g e n ic  a c t i v i t y .
A number o f  compounds, which may be regarded  as l e s s  f l e x i b l e  
tryp tam ine  and 5-HT analogues, are  a l re a d y  known. These, however, 
g e n e ra l ly  la c k  th e  prim ary  amino fu n c t io n  c h a r a c t e r i s t i c  o f  t r y p t -  
amines, th e  ethylam ine s id e  chain  be ing  in c o rp o ra te d  in to  a second 
h e te r o c y c l ic  r in g .  The c lo s e s t  n a t u r a l l y  o cc u rr in g  c y c l io  analogue 
o f  5-HT i s  dehydrobufo ten ine , e a r l i e r  thought to  have th e  open
chain  s t r u c tu r e  ( L l ) ^ ^  but now known to  be th e  p y ro l lo q u in o l in e
167( L I l ) .  R ev is ion  o f  th e  s t r u c t u r e  o f  dehydrobufo ten ine prompted
168H e s te r  to  p rep a re  th e  co rrespond ing  non-hydroxy la ted  tryp tam ine  
analogues ( L I I I ;  R=H,CH^). P re l im in a ry  pharm acological s tu d ie s
L I LIl LUl
in d ic a te d  t h a t ,  l i k e  dehydrobufo ten ine , th e s e  compounds p o sse ss  no 
pronounced c e n t r a l  nervous system e f f e o t s ;  th e  la c k  o f  in fo rm a tio n  
concern ing  p e r ip h e ra l  a c t i v i t i e s  would suggest t h a t  i f  th e y  do 
p o sse ss  such a c t i v i t y  i t  i s  ex trem ely  weak.
R ela ted  a z e p in o [5 ,4>3-c,d) in d o le s  o f  genera l s t r u c t u r e  LIV
169appear to  p o sse ss  no s ig n i f i c a n t  p e r ip h e ra l  a c t i v i t y ,  but
s t im u la t io n  o f  th e  c e n t r a l  nervous system, a t  very  h igh  d o ses , has
been r e p o r te d .  R ecently  a z e p in o [4 ,3>2-c,d) in d o le s  o f  g enera l
170s t r u c tu r e  LV have a lso  been re p o r te d  in  the  p a te n t  l i t e r a t u r e ,  ' 
but i n  a c o n s id e ra t io n  o f  tryp tam ine  analogues th e se  are  o f  l e s s  
i n t e r e s t  due to  th e  e x t r a  methylene group s e p a ra t in g  th e  n i t ro g e n
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atom from th e  p o s i t io n  o f  th e  in d o le  n u c leu s .  C e r ta in  o f
th e se  compounds were shown to  p o sse ss  t r a n q u i l l i s i n g  and a n t i ­
inflam m atory  p r o p e r t i e s .
LIV X.V
O ther compounds having a d i f f e r e n t  s p a t i a l  arrangem ent o f  th e
amino n i t ro g e n  and which may be cons idered  as r i g i d  tryp tam ine
analogues are  th e  azepino [ 4 >5-b] in d o le s  o f  g ene ra l s t r u c tu r e  LVI.
171T his  s t r u c tu r e  was f i r s t  d e sc r ib ed  by Harley-Mason and Jackson ,
and r e c e n t ly  th e  syn theses  o f  th e  8 - ,  9 -  &n& 10-methoxy d e r iv a t iv e s
172have been r e p o r te d  in  th e  p a te n t  l i t e r a t u r e ;  th e s e  d e r iv a t iv e s  
have been shown to  have a n t ih i s t a m in ic  a c t i v i t y ,  bu t a p p a re n t ly  are  
w ithou t anti-*5-HT or 5-HT-like p r o p e r t i e s .
N-Ri
LVI
P h arm aco lo g ica lly , th e  most im p o rtan t compounds which p o sse ss ,  
what has been d esc r ib e d  as , a r i g i d  tryp tam ine  s t r u c tu r e  are  
c e r t a in  o f  th e  in d o le  a lk a lo id s .  I n v a r ia b ly ,  a lthough the  u n i t  
which corresponds to  th e  ethylam ine s id e  chain  forms p a r t  o f  a 
h e te ro c y c l io  r in g  and consequen tly  th e  amino fu n o tio n  in  th e se  
compounds i s  secondary or  t e r t i a r y ,  many do have pharm acological 
p r o p e r t i e s  which could r e s u l t  from t h e i r  i n t e r f e r i n g ,  i n  some way, 
w ith  th e  normal fu n c t io n in g  o f  5-HT i n  th e  body, as a d i r e c t  r e s u l t
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o f  t h e i r  be in g  s t r u c t u r a l l y  s im i la r  to  th e  n a tu r a l  s u b s t r a t e .
A t te n t io n  has been drawn to  t h i s  s t r u c t u r a l  r e l a t i o n s h i p  between
5-HT and b io lo g i c a l l y  a c t iv e  in d o le  a lk a lo id s  i n  review s by 
173C e r l e t t i ,  d e a l in g  w ith  th e  im portance o f  th e  in d o le  s t r u c t u r e
T *7 A
i n  medicine and by Woolley i n  h i s  review  concern ing  a n t i ­
m e ta b o l i te s .
However, th e  s t r u c t u r a l  resemblance between 5-HT and pharma­
c o lo g ic a l ly  a c t iv e  in d o le  a lk a lo id s  cannot be th e  on ly  f a c t o r  
which de term ines  th e  a c t i v i t i e s  o f  th e  l a t t e r ,  as evidenced 
by th e  o f te n  co n s id e rab le  q u a n t i t a t iv e  changes i n  pharm aco log ical 
a c t i v i t y  which accompany s t r u c t u r a l  m o d if ic a t io n s  remote from th e  
" tryp tam ine  s t r u c tu r e "  o f  th e  a lk a lo id .  E x c e l le n t  examples o f  
changes i n  pharm acological a c t i v i t y  w ith  r e l a t i v e l y  minor s t r u c t u r a l
m o d if ic a t io n s  may be drawn from th e  in v e s t i g a t io n s  c a r r i e d  out on
175ly s e r g i c  a c id  and i t s  d e r iv a t iv e s .
Pharm acological s tu d ie s  on th e  sim ple tryp tam ine  analogues
XLI-L, however, should no t be com plicated  to  th e  same e x te n t  as
th o se  f o r  th e  complex a lk a lo id s ,  and a more d i r e c t  c o r r e l a t i o n
between s t e r i c  o r i e n ta t io n  o f  th e  m olecule and 5-H T-like a c t i v i t y
should be p o s s ib le .  4-A m in o -l ,3 , 4 >5- 'be‘t rs^ydrobenz |c,cu in d o le  ( l )
176has a l re a d y  been p repared  by Gould and Jacobs and, w ith  a
v a r i e t y  o f  o th e r  4- s u b s t i t u t e d  in d o le s ,  has been examined by Uhle 
177and H a r r i s  f o r  a n t i - 5-HT a c t i v i t y  on th e  i s o l a t e d  r a t  u t e r u s .
On t h i s  p re p a ra t io n  th e  amino compound (L) po ssessed  no s i g n i f i c a n t  
a c t i v i t y .  T h is  o b se rv a tio n ,  to g e th e r  w ith  th e  f in d in g s  o f  Greenberg 
concern ing  th e  s t e r i c  requ irem en ts  o f  th e  5-HT r e c e p to r  o f  th e  
m olluscan h e a r t ,  would suggest t h a t  th e  r e c e p to r  o f  th e  r a t  u te ru s  
i s  s t r u c t u r a l l y  d i f f e r e n t  from t h a t  o f  th e  m olluscan h e a r t  and 
a f fo rd s  f u r t h e r  support f o r  th e  su g g es tio n  t h a t  a v a r i e t y  o f  5-HT ■ 
r e c e p to r s  e x i s t  in  v a r io u s  t i s s u e s .
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One o f  th e  more obvious d isa d v an ta g es  o f  th e  use o f  th e
compounds XLI-L in  a t tem p tin g  to  c o r r e l a t e  chemical s t r u c t u r e  w ith
5-HT-like a c t i v i t y  i s  t h a t  th e y  are  a l l  s u b s t i t u t e d  ot- to  th e  amino
fu n c t io n  and are  e i t h e r  2-  o r  4- s u b s t i t u t e d  try p ta m in e s .  For t h i s
reason  i t  might be p r e f e r a b le  to  compare t h e i r  a c t i v i t i e s  w ith  th o se
of  th e  2 ,oC - d i a l k y l -  and 4 > -d ia lk y l -5 -h y d ro x y try p ta m in e s .  The
in t r o d u c t io n  o f  a lk y l  s u b s t i tu e n t s  i n to  th e  2- p o s i t i o n  o f  in d o le
d e r iv a t iv e s  i s  known to  d ec rease  th e  5-H T-like a c t i v i t y ,  p ro b ab ly
by a f f e c t in g  th e  degree of  approach o f  th e  in d o le  nuc leus  to  th e
42re c e p to r  s u r fa c e .  S u b s t i tu e n ts  in  th e  4 -p o s i t io n  might a lso  
i n t e r f e r e  w ith  complex fo rm a tio n . The e f f e c t  o f  d i - a lk y l  s u b s t i t ­
u t io n  has been w idely  examined and i t  has been shown th a t  w hile  a
methyl group has l i t t l e  a f f e c t  upon p e r ip h e ra l  a c t i v i t y ,  l a r g e r
120 178groups tend  to  dec rease  5-H T-like a c t i v i t y .  ’ The c< -a lk y l
group i s  a lso  known to  p r o te c t  th e  molecule from ra p id  m e tab o lic
179d e s t ru c t io n  by MAO, and oC-methyl- and oi. - e th y l - t r y p ta m in e s  a re
180in  f a c t  r e v e r s ib l e  MAO i n h i b i t o r s .  -M ethyl-and o'—ethy l-5 -H T ,
however, do no t p o ssess  t h i s  i n h i b i t o r y  a c t io n .  The e f f e c t  o f  th e
non-hydroxy la ted  compounds upon MAO i s  thought to  be r e s p o n s ib le
f o r  th e  c e n t r a l  e f f e c t s  observed in  experim en ta l an im als. The
i n a b i l i t y  o f  th e  hyd roxy la ted  members to  induce c e n t r a l  e f f e c t s
fu rn is h e s  f u r t h e r  support f o r  t h i s  p ro p o sa l .  T h is  h y p o th e s is  has
179now been c r i t i c a l l y  examined by L e ss in ,  Long and P arkes who 
suggest t h a t  a r e d i s t r i b u t i o n  o f  5-HT between f re e  and bound forms 
may a lso  account f o r  th e  c e n t r a l  e f f e c t s  induced by o*.-methyl and 
o t - e th y l - t ry p ta m in e s .  Another p o s s ib le  reason  f o r  th e  c e n t r a l  
i n a c t i v i t y  o f  c*-methyl-5-HT, ap a r t  from i t s  i n a b i l i t y  to  i n h i b i t  
MAO, i s  t h a t ,  due to  i t s  more p o la r  n a tu r e ,  i t  might no t c ro ss  th e  
blood b ra in  b a r r i e r .  I f  t h i s  i s  so, and i t  i s  known t h a t  t h i s  i s  
c e r t a i n l y  t r u e  f o r  5-HT i t s e l f ,  then  a ttem p ts  to  s tudy  th e  p lanned  
m olecules on th e  c e n t r a l  nervous system could w ell be com plicated  
by th e  i n a b i l i t y  o f  th e  hydroxy la ted  members o f  th e  s e r i e s  to  p a ss  
th e  blood b ra in  b a r r i e r .  The s t r a t e g i c  in t ro d u c t io n  of a carboxyl
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group onto th e  -carbon  atom o f  th e  r i g i d  u n i t  co rrespond ing  to  
th e  s id e  chain  o f  5“®  m ight, however, make th e  molecule ac c e p ta b le  
to  th e  a c t iv e  t r a n s p o r t  system which has been proposed f o r  th e  
t r a n s f e r e n c e  o f  5-HTP in to  th e  b r a in .
Because o f  th e  c u r re n t  i n t e r e s t  in  LSD, i t s  p o s s ib le  i n t e r ­
fe ren ce  w ith  body 5-HT, and i t s  in f lu e n c e  upon th e  s t r u c t u r e  prop­
osed by Greenberg f o r  th e  5-HT r e c e p to r ,  i t  was dec ided  to  commence 
s y n th e t ic  work by examining approaches to  th e  s t r u c t u r a l l y  r e l a t e d  
te t r a h y d ro b e n z [c ,d ] in d o le  compounds. Two b a s ic  approaches to  th e  
sy n th eses  o f th e se  d e r iv a t iv e s  were a v a i la b le :  th e  f i r s t  u s in g  a
s u i t a b ly  s u b s t i tu t e d  naph tha lene  o r  t e t r a l i n  d e r iv a t iv e  onto which 
i s  b u i l t  the  p y r ro le  r in g  o f  th e  in d o le  system; and th e  second, in  
which a preformed in d o le  d e r iv a t iv e  i s  c y c l is e d  to  form th e  t h i r d  
r in g  of th e  t r i c y c l i c  s t r u c t u r e .  Both o f  th e se  approaches were
developed d u r in g  a t tem p ts  to  s y n th e s is e  LSD, The work in  t h i s
iS l  182
f i e l d  has been reviewed by S to l l  and by Glenn and many
p e r t in e n t  r e f e re n c e s  a re  in c lu d ed  in  th e  paper by Woodward and h i s
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co-workers which r e p o r t s  th e  f i r s t  t o t a l  s y n th e s is  o f  l y s e r g i c  
a c id .  T h is  su c c e s s fu l  s y n th e s is  o f  l y s e r g i c  ac id  employed th e  
second of th e  s y n th e t ic  approaches to  th e  t r i c y c l i c  system.
V arious b e n z [ c ,d ] - in d o le s ,  -d ih y d ro in d o le s  and-ox indo les  
have been p rep ared  by c y c l i s a t i o n  o f  s u b s t i t u t e d  n ap h th a len es  bu t 
d i s u b s t i t u t e d  benz [c,d] in d o le s  p o s se s s in g  one s u b s t i tu e n t  in  each 
of th e  s ix  membered r in g s  do no t appear to  have been p rep a red .
S uccessfu l syn theses  o f  th e  re q u i r e d  t r i c y c l i c  system by 
c y c l i s a t io n  o f  s u i t a b ly  s u b s t i tu t e d  in d o le  d e r iv a t iv e s  in c lu d e
• j  O  1
th o se  o f  Uhle u s in g  a Dieckmann type condensation  w ith  c e r t a in
185p - (4 - c a rb o x y in d o l -3 -y l ) -p ro p io n ic  a c id  d e r iv a t iv e s ;  o f  P l i e n in g e r  
u s in g  a s im i la r  r e a c t io n  on d ie th y l  i n d o le - 3 ,4 - d i a c e t a t e ,  and of 
186
Szmuszkovicz <JO u s in g  s u b s t i t u t e d  i n d o l - 3 - y l - s u c c in ic  an h y d rid es .
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Uhle, however, found th a t  c y c l i s a t io n .  o f  ft - ( i n d o l - 3 - y l ) -p ro p io n ic
ac id  d e r iv a t iv e s  p o s se s s in g  s u b s t i tu e n t s  in  th e  s id e  chain  le d  to
th e  fo rm ation  o f  naph thalene  d e r iv a t iv e s  in s t e a d  o f  th e  r e q u ire d
te t r a h y d ro b e n z |c ,d  in d o le  s t r u c t u r e .  C y c l is a t io n  o f  o th e r  3 -su b s -
187t i t u t e d  in d o le  d e r iv a t iv e s  has a lso  been s tu d ie d  by P l ie n in g e r .
D ire c t  r i n g  c lo su re  o f  £ - ( i n d o l - 3 - y l ) -p ro p io n ic  ac id  in to  th e  4-  
p o s i t io n  has a lso  been attempted^ bu t a low y ie ld  o f  3 -o x o - l ,2 ,3 * 4 -  ■
te tra h y d ro c y c lo p e n t[b ]  in d o le  was i s o l a t e d  r e s u l t i n g  from c lo su re
188in to  th e  2 -  p o s i t io n .  A s im i la r  a ttem pt was made u s in g  th e  5 -  
methoxy d e r iv a t iv e  bu t t h i s  a lso  r e s u l t e d  in  in t r a m o le c u la r  a c y la -
-I Oq
t i o n  to  give th e  co rrespond ing  te t ra h y d ro c y c l  opent [b] in d o le .
I t  i s  e s s e n t i a l  th e re fo r e  to  p r o te c t  the  2- p o s i t io n  from s u b s t i t ­
u t io n  i n  th e se  r e a c t io n s  i f  4 - s u b s t i t u t i o n  i s  to  be ach ieved .
T h is  was accomplished by Mann and T e t lo w ^ ^  u s in g  j3 - ( l ,2 - d i m e t h y l -
5-m ethoxyindo l-3 -y l)-p rop ion ic  ac id  which, on c y c l i s a t io n ,  gave th e  
r e q u ire d  te trah y d ro b en z  [c,d] in d o le .  Woodward and h i s  co-w orkers, 
i n  t h e i r  s y n th e s is  o f  l y s e r g i c  ac id ,  p ro te c te d  th e  in d o le  system 
by hydrogenation  o f  the  ^ ou^ e bond fo llow ed by N -benzoy la tion .
S y n th es is  o f  D e r iv a t iv e s  of  Benz fc,d1 in d o le
A fte r  c o n s id e ra t io n  o f  th e  p o s s ib le  r o u te s  and th e  a v a i l a b i l i t y  
o f  s t a r t i n g  m a te r ia l s ,  th e  approach r e p o r te d  by Woodward and h i s*1 Q <3
co-workers in  t h e i r  s y n th e s is  o f  l y s e r g i c  ac id  was s e le c te d  as 
th e  g enera l ro u te  to  be used in  th e  p re se n t  work f o r  se c u r in g  th e  
r e q u ire d  t r i c y c l i c  s t r u c t u r e .  Thus /3 - ( i n d o l - 3 - y l ) -p ro p io n ic  ac id  
and i t s  5 -m0'kHoxy d e r iv a t iv e  were used as s t a r t i n g  m a te r ia l s  f o r  
th e  non-hydroxy la ted  and th e  hydroxy la ted  compounds r e s p e c t iv e ly .  
A tte n t io n  was f i r s t  d i r e c te d  towards th e  te tra h y d ro b e n z  [c,d] -  
in d o le s  XLIX and L as th e s e ,  i t  was co n s id e red , would fu n c tio n  as 
model compounds f o r  th e  correspond ing  hydroxy analogues XLVII and 
XLI which would be ob ta ined  from th e  l e s s  r e a d i ly  a v a i la b le  p - ( 5 -  
m e th o x y - in d o l-3 -y l) -p ro p io n ic  a c id .
- 50-
To p rev en t th e  p ro p io n ic  ac id  s id e  cha in  c y c l i s in g  onto C( 2) ’
th e  ^  double bond was hydrogenated; th e  secondary amino group
was p ro te c te d  by N -b e n so y la tio n . H ydrogenation was e f f e c te d  by a
183m o d if ic a t io n  o f  Woodwards method; u s in g  an aqueous b a s ic  s o lu t io n  
o f  th e  ac id  and Raney n ic k e l  c a t a l y s t  th e  hydrogenation  proceded 
smoothly a t  room tem pera tu re  and a tm ospheric  p re s su re  and th e  r e q u ire d  
in d o l in e  was i s o l a t e d  in  good y i e ld .  p - ( l n d o l - 3 - y l ) - p r o p io n ic  ac id  
(LVIl) o f  h igh  p u r i t y  was found to  be n e c essa ry  f o r  t h i s  hydrogen­
a t io n  to  proceed smoothly; a l l  com m ercially a v a i la b le  s t a r t i n g  
m a te r ia l  was th e re fo r e  r e c r y s t a l l i s e d  from w ater  b efo re  u se . The 
reduced ac id  was no t f u r t h e r  p u r i f i e d  bu t benzoy la ted  d i r e c t l y  
u s in g  th e  Schotten-Baumann p rocedure .
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The H-benzoyl d e r iv a t iv e  (LVIII) was converted  in to  th e  ac id
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c h lo r id e  and c y c l is e d  by an in t r a m o le c u la r  F r i e d e l - C r a f t s  a c y la t io n  
u s in g  anhydrous aluminium c h lo r id e .  S l ig h t l y  h ig h e r  y i e ld s  o f  th e  
c y c l ic  ketone (LIX) were o b ta in ed  from r e a c t io n s  c a r r i e d  out a t  0. 
H ydro lysis  o f  th e  N-benzoyl fu n c t io n  in  LIX was e f f e c te d  by r e f 1us­
in g  in  a m ix ture  of g l a c i a l  a c e t i c  ac id  and h y d ro ch lo r ic  ac id  as 
d e sc r ib ed  by Woodward and h i s  co-workers th e  hexahydrobenz [ c , d j -
in d o le  (LX) th u s  ob ta ined  was dehydrogenated to  th e  co rrespond ing  
indole (LXl) using 10$ palladium on charcoal in  refluxing p-oymene
T ft "
as d esc r ib ed  by Woodward and h i s  co-w orkers, o r  a c t iv e  manganese 
d io x id e  in  methylene c h lo r id e  a t  room tem pera tu re  acco rd ing  to  th e  
method o f  Jansen , Johnson and S u r t e e s . T h e  oxime (LX Il) , 
p rep ared  from t h i s  ke tone by t re a tm e n t w ith  hydroxylamine hydro­
c h lo r id e  and sodium a c e ta te  in  aqueous e th a n o l ,  was reduced to  th e  
re q u ire d  amine (XLIX) u s in g  l i th iu m  aluminium h y d r id e . The 
r e a c t io n  was incom plete  when c a r r ie d  out in  d ie th y l  e th e r  bu t i n  
te t r a h y d ro fu ra n  i t  proceded smoothly and r a p id ly  to  y i e ld  an un­
s ta b le  b a s ic  p ro d u c t .  The u n s ta b le  n a tu re  o f  t h i s  f r e e  amine 
appeared to  be l a r g e l y  dependent upon th e  p resence o f  im p u r i t i e s  as , 
on continued  r e c r y s t a l l i s a t i o n ,  a sample o f  th e  pure amine was 
ob ta ined  which, a lthough  b e in g  r a t h e r  s e n s i t i v e  to  a i r ,  was co n s id ­
e ra b ly  more s ta b le  than  th e  o r ig in a l  crude r e a c t io n  p ro d u c t .  I t s  
h y d ro ch lo r id e , formed in  e th e r  by tre a tm e n t  w ith  hydrogen c h lo r id e ,  
was e q u a l ly  u n s ta b le .  The p r e p a ra t io n  o f  o th e r  d e r iv a t iv e s ,  such 
as a c e ta te  and benzoate a lso  le d  to  a p p re c ia b le  decom position .
Owing to  th e  d i f f i c u l t i e s  a s s o c ia te d  w ith  th e  i s o l a t i o n  and p u r i f ­
i c a t i o n  of t h i s  amine th e  y i e ld  fo r  th e  r e d u c t io n  was on ly  8$.
Although th e  4 -am ino te trahyd robenz[c ,d ]  in d o le  (L) had been
176sy n th e s ise d  e a r l i e r  by Gpuld and Jacobs v i a  th e  aminonaphtho- 
s t y r i l ,  an in v e s t ig a t i o n  in to  th e  p o s s i b i l i t y  of  u s in g  th e  t r i ­
c y c l ic  ketone (LIX) f o r  i t s  p r e p a ra t io n  was cons idered  w orthw hile ; 
i f  s u c c e s s fu l ,  t h i s  approach would almost c e r t a i n l y  be a p p l ic a b le
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to  th e  sy n th e s is  o f  th e  6-hydroxy d e r iv a t iv e  (XLI) from th e  c o r r e s ­
ponding 6-m e th o x y tr ic y c l ic  k e to n e .  The ro u te  which appeared to  be 
most convenient and most l i k e l y  to  meet w ith  success i s  shown i n  
F ig .  7* Although t h i s  approach in v o lv e s  many s ta g e s ,  a l l  o f  th e  
e a r l i e r  r e a c t io n s  of th e  sequence have been re p o r te d  in  th e  l i t e r —
1 Q”3 •
a tu re  as g iv in g  good y i e ld s ,  and th e  l a t e r  s ta g e s  appeared to  ■ 
be a simple ex ten s io n  o f  th e  procedure o u t l in e d  i n  th e  s y n th e s is  
o f  th e  co rrespond ing  5-amino compound (XLIX). The on ly  r e s e r v a t io n  
concern ing  t h i s  ro u te  was th e  p o s s i b i l i t y  o f  a poor y i e ld  in  th e  
f i n a l  convers ion  o f  oxime to  amine a f t e r  so many s ta g e s .
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Conversion o f  th e  5“ °xo-hexahydrobenz (LIX) in to
th e  4-oxo- compound (LXVIl) was undertaken , however and re d u c t io n  
o f  LIX u s in g  sodium borohydride fu rn is h e d  th e  co rrespond ing  5 -  
hydroxy compound (LX IIl) which was then  converted  in to  th e  5-Lromo 
d e r iv a t iv e  (LXIV) by th e  a c t io n  o f  phosphorous tr ib ro m id e ;  
subsequent e l im in a t io n  of hydrogen bromide i n  2 , 6- lu t id e n e  
affo rded  th e  te tra h y d ro b e n z  £ c ,d j in d o le  (LXV). On trea tm en t w ith
-5 3 -
p erbenzo ic  ac id  t h i s  u n s a tu ra te d  compound gave th e  epoxide (LXVl) 
which on c leavage w ith  magnesium bromide gave th e  r e q u i r e d  4-o x o -  
m a te r ia l  (LXVIl) i n  good y i e ld .
H ydro lysis  o f  th e  amide fu n c t io n  in  LXVII was no t p o s s ib le  
employing th e  c o n d it io n s  d e sc r ib e d  f o r  th e  5-°xo compound (LIX): 
a h igh  m e lt in g  polym eric s o l id ,  r e s u l t i n g  from decom position , was 
the  major p roduct i s o l a t e d .  O ther a c id ic  and b a s ic  p rocedures  
commonly employed f o r  th e  h y d ro ly s is  o f  amides were a lso  a p p l ie d  
bu t were s im i la r ly  found to  be u n s u i t a b le .  H ydrolyses a ttem pted  
on th e  d e r iv ed  oxime (LXVIII) were a lso  u n s a t i s f a c to r y .  R esort was 
th e re fo r e  made to  th e  o r ig in a l  p rocedure employed f o r  th e  5“ °xo 
compound; th e  r e a c t io n  c o n d i t io n s  o f  t h i s  h y d ro ly s is  were m odified , 
and by exc lud ing  oxygen from th e  r e a c t io n  m ixture and th e  p roduct 
d u r in g  i t s  i s o l a t i o n ,  th e  r e q u ire d  hexahydrobenz [c,d] in d o le  (LXIX) 
was o b ta ined  in  40$ y ie ld .  The s e n s i t i v i t y  o f  t h i s  compound to
C6HSCwn< HN
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oxygen and i t s  i n s t a b i l i t y  i n  s o lu t io n  p rev en ted  i t s  su c c e s s fu l
r e c r y s t a l l i s a t i o n .  Attempts to  dehydrogenate i t  d i r e c t l y  to  th e
co rrespond ing  in d o le  (LXX) s im i la r ly  f a i l e d ;  s t a r t i n g  m a te r ia l
was recovered , a long  w ith  decom position p ro d u c ts ,  a f t e r  t r e a tm e n t
w ith  manganese d io x id e  and methylene c h lo r id e  a t  room te m p e ra tu re ,
w hile  w ith  i d e n t i c a l  r e a g e n ts  a t  e le v a te d  tem p era tu re s  th e  on ly
chloroform  so lu b le  product appeared to  la c k  a carbonyl fu n c t io n
and was no t i n d o l i c .  The i n f r a r e d  s p e c t r a  o f  th e  p ro d u c ts  from
attem pted  pa llad ium -on-ca rbon  induced dehydrogenations i n d ic a t e d
t h a t  a lthough  th e  k e to  fu n c t io n  was r e ta in e d  no in d o l i c  m a te r ia l
was formed. The d i f f i c u l t i e s  a s s o c ia te d  w ith  t h i s  dehydrogena tion
192are  c o n s is te n t  w ith  th e  work of Grob and h i s  co-workers who 
a ttem pted  to  p rep a re  th e  N -ace ty l d e r iv a t iv e  (LXXIIl) o f  t h i s  
compound from th e  t e t r a l o n e  (LXXIV); t h i s  r e s u l t e d  in  th e  form­
a t io n  o f  an amorphous s o l i d ,  o x id a t io n  p ro d u c ts  and th e  n ap h th a len e  
d e r iv a t iv e  (LXXV) ,
C H a C O NCHaCO NH COOH
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Conversion o f  the  4-oxobenz[c ,d] in d o l in e  (LXIX) in to  th e  
oxime (LXXl) was achieved by t r e a t i n g  th e  oxo compound w ith  an 
aqueous e th a n o l ic  s o lu t io n  o f  hydroxylamine h y d ro ch lo r id e  and 
sodium a c e ta te  in  an atmosphere o f  n i t r o g e n .  The p roduct was 
s ta b le  and e a s i l y  r e c r y s t a l l i s e d  b u t ,  due to  i t s  hygroscopic  
n a tu re ,  some i n i t i a l  d i f f i c u l t i e s  were experienced  in  i t s  a n a ly s i s .  
Attempts to  convert t h i s ,  in  an ac cep tab le  y ie ld  in to  th e  c o r r e s ­
ponding in d o le  by dehydrogenation  were, however, u n s a t i s f a c to ry #  
Although th e  i n f r a r e d  spectrum was c o n s is te n t  w ith  th e  r e q u i r e d
-5 5 -
oximino in d o le  (LXXIl) (V max. 3580, 3480, 3260, 1620, 1600cm.- 1 )
only  t r a c e s  o f  an u n s ta b le  c r y s t a l l i n e  s o l i d  were i s o l a t e d ,  th e
main p roduct b e in g  a high m e lt in g  amorphous s o l i d .  R eduction o f
t h i s  impure p ro d u c t ,  a f t e r  removal o f  amorphous m a te r ia l ,  i n
te t r a h y d ro fu ra n  u s in g  l i th iu m  aluminium hydride  gave an e q u a l ly
unstable n o n -c r y sta llin e  residue (V max. 34-80 , 3300, 1620, l600cm .~^).
The r e lu c ta n c e  o f  t h i s  amine to  c r y s t a l l i s e ,  p a r t i c u l a r l y  i n  th e
presence  of th e  im p u r i t i e s ,  has a p a r a l l e l  i n  th e  work of Gould 
176and Jacobs who were unable to  o b ta in  i t  i n  a c r y s t a l l i n e  form 
from a pure p re c u r s o r .  Conversion in to  th e  h y d ro ch lo r id e  by t r e a t ­
ment w ith  hydrogen c h lo r id e  in  b en z en e -e th e r  s o lu t io n ,  however, 
gave a c r y s t a l l i n e  s o l id  i n s u f f i c i e n t  f o r  f u l l  c h a r a c t e r i s a t i o n ,  
bu t having a m e lt in g  p o in t  c lo se  to  t h a t  reco rded  in  th e  l i t e r a t u r e  
f o r  a specimen p repared  from 4 -an iin o n ap h th o s ty ril  by Gould and 
Jacobs . The in f r a r e d  spectrum o f  th e  N -ace ty l  d e r iv a t iv e  V max.
3480, 3430, 1660, l 600cm.~^ (see  f i g .  12) a lso  gave a c l e a r  
in d ic a t io n  t h a t  th e  m a te r ia l  i s o l a t e d  from th e  re d u c t io n  was in  
f a c t  th e  re q u ire d  amine (L ).
The d i f f i c u l t i e s  encountered  in  th e  above approach, t h e i r  
d e t r im e n ta l  e f f e c t  upon th e  o v e ra l l  y i e ld ,  and th e  l im i te d  supply  
o f  p - ( 5-m ethoxy indo l-3- y l ) - p r o p io n ic  ac id ,  to g e th e r  made an 
a l t e r n a t i v e  and more e f f i c i e n t  ro u te  to  th e  4-amino compound a 
n e c e s s i ty  i f  i t  was to  be used in  th e  s y n th e s is  o f  th e  correspond­
in g  6-hydroxy compound (XLl). With th e  su c c e s s fu l  s y n th e s is  o f  th e  
r e q u i r e d  t r i c y c l i c  system p o sse ss in g  a 5-ox° fu n c t io n  completed, . 
an obvious second approach was th e  in t r o d u c t io n  o f  a s u i t a b le  
s u b s t i tu e n t  on th e  a c t iv e  methylene group ad jaoen t to  th e  k e to  
group. Brom ination o f  5 -oxo-hexahydrobenz[c ,d ]indo le  (LIX) u s in g  
p y r id in e  bromide perbromide gave th e  4-bromo d e r iv a t iv e  (LXXVl) 
as r e p o r te d  by V/oodward and h i s  co-w orkers. However, a t tem p ts
to  re p la c e  t h i s  bromine atom by a dimethylamino fu n c t io n  to  give
-5 6 -
th e  dim ethylam ino-ketone (LXXVIIl) were u n su c c e s s fu l ;  under a 
v a r i e t y  o f  c o n d i t io n s  a p roduct la c k in g  k e to n ic  a b so rp tio n  was 
o b ta in ed . By analogy w ith  th e  o b se rv a tio n s  o f  Woodward and h i s  
co-w orkers, working w ith  th e  same bromo-ketone (LXXVl) and m ethyl-  
amine, t h i s  p roduct was assumed to  r e s u l t  from a ro m a tis a t io n  o f  
th e  second s ix  membered r i n g  to  g ive th e  naph tha lene  d e r iv a t iv e
in to  th e  co rrespond ing  naph tha lene  d e r iv a t iv e s  has h indered  many 
a ttem pted  sy n th eses  o f  l y s e r g i c  a c id .  I t  has been d isc u ssed  in
I n v e s t ig a t io n s  in to  th e  p o s s i b i l i t y  o f  u s in g  th e  bromo- 
ketone  (LXXVl) as an in te rm e d ia te  in  th e  proposed s y n th e s is  were 
then  d is c o n t in u e d ,  l a r g e ly  on account o f  th e  a p p a re n tly  form idable  
ta s k  o f  d e te rm in in g  th e  ex ac t c o n d i t io n s  f o r  th e  replacem ent o f  
bromine by an amino f u n c t io n .  Moreover, conversion  o f  th e  key 
amino-ketone (LXXVIIl) i n to  th e  N,N-dimethyl d e r iv a t iv e  o f  th e
(LXXVII)
O O
LIX LXXVl
LXXVIIl l x x v u
fig- 10
The rearrangem ent o f  t e t r a -  and hexahydrobenz[c,d] in d o le s
some d e t a i l  by Grob and P ayo t,  Woodward and h i s  co-w orkers,
194and by Cohen, Heath-Brown and Rees.
-5 7 -
r e  qui red  amine (L) s t i l l  in v o lv ed  s e v e ra l  s ta g e s  in c lu d in g  
i n d o l i s a t i o n .  The p o s s i b i l i t y  o f  in t ro d u c in g  o th e r  s u i t a b le  
s u b s t i t u e n t s ,  such as a n i t r o  group, onto th e  c*- p o s i t i o n  o f  th e  
k e to  fu n c t io n  was a lso  examined but found to  be e q u a l ly  u n s a t i s ­
f a c to ry .
An approach u s in g  th e  known acetam ido-ketone (LXXIX) was
th e r e fo r e  examined; t h i s  compound, which can be converted  i n  two
s ta g e s  in to  th e  re q u ire d  amine -  namely re d u c t io n  o f  th e  oxo
fu n c t io n  and h y d ro ly s is  o f  th e  N -ace ty l group -  was f i r s t  p rep a red
195by S t o l l  and h i s  co-w orkers, and has th e  apparen t advantage 
t h a t  i t  a l re a d y  p o sse sse s  th e  in d o le  system. Although t h i s  was 
cons idered  to  be an advantage a t  th e  tim e, subsequent experim en ta l 
work showed t h a t  r e a c t io n s  c a r r i e d  out on th e  u n p ro te c te d  t e t r a ­
hydrobenz [c ,d] in d o le  system f r e q u e n t ly  le a d  to  th e  fo rm a tion  o f  
com plicated  m ix tu re s ,  p robab ly  a r i s i n g  from o x id a t io n  and g en e ra l  
decom position . The o x o - te trah y d ro b en z [c ,d ]  in d o le  (LXl) was n i t r o -  
s y la te d  w ith  amyl n i t r i t e  i n  th e  p resence  o f  po tassium  t - b u to x id e ,  
th e  p roduct reduced w ith  z in c  and a c e t i c  a c id ,  and th e  amine th u s  
gen e ra ted  a c e ty la te d  in  s i t u  w ith  a c e t i c  anhydride to  give th e  
r e q u ire d  p roduct (LXXIX) .  The s t a r t i n g  m a te r ia l  and re a g e n ts  f o r  
t h i s  r e a c t io n  were c a r e f u l ly  p u r i f i e d  and th e  r e a c t io n  c o n d i t io n s  
d esc r ib e d  in  th e  l i t e r a t u r e  e x a c t ly  d u p l ic a te d .  The y i e ld  o f  
p ro d u c t ,  however, was a f r a c t i o n  o f  t h a t  re p o r te d  and although  t h i s  
r e a c t io n  was r e p e a te d  se v e ra l  tim es and minor m o d if ic a t io n s  made 
to  th e  p ro ced u re , no s i g n i f i c a n t  in c re a s e  i n  y ie ld  could be ach ieved . 
The m e lt in g  p o in t  o f  th e  p roduct was a lso  s i g n i f i c a n t l y  lower th an  
t h a t  re p o r te d  bu t th e  a u t h e n t i c i t y  o f  t h i s  m a te r ia l  was v e r i f i e d
by a n a ly s is  and by th e  p re p a ra t io n  o f  th e  p -n itro p h en y lh y d razo n e ,
— 1 9 5
which had th e  m e lt in g  p o in t  re p o r te d  in  th e  l i t e r a t u r e .
Removal o f  th e  k e to  fu n c t io n  was nex t cons idered : th e  Wolff
K ish n e r  r e a c t io n  was u n s u i ta b le  a s ,  under th e  s t r o n g ly  b a s ic
ILXl
L X X X l
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c o n d i t io n s  of th e  r e a c t io n ,  h y d ro ly s is  o f  th e  N -ace ty l  fu n c t io n  
would almost c e r t a i n l y  occur w ith  th e  r e s u l t a n t  l i b e r a t i o n  o f  th e  
l a b i l e  f r e e  oC-am ino-ketone. Although re d u c t io n  o f  th e  in d o le  Q
(2 ,3 )
196 197double bond, and e l im in a t io n  of th e  amide group a re  bo th
p o s s ib le  s id e  r e a c t io n s ,  th e  Clemmensen re d u c t io n  was co n s id e red  a
more fav o u rab le  approach to  th e  a c e ty l  d e r iv a t iv e  (LXXX) o f  th e
re q u ire d  amine* Should h y d ro ly s is  o f  th e  N -ace ty l  fu n c t io n  occur
under th e se  c o n d i t io n s ,  th en  th e  more s t a b le  amino-ketone hydro-
c h lo r id e  would r e s u l t  ( see  Woodward and h i s  co-w orkers, and
195\S t o l l ,  Rutschmann and P e t r z i l k a  )• In  o rd e r  to  e s t a b l i s h  w hether 
th e  ^  double bond would s u f f e r  r e d u c t io n  under the  c o n d i t io n s  
of  th e  Clemmensen r e a c t io n ,  experim ents u s in g  5“,°xo- l > 3 j 45 5 -’t© 'tra- 
hydrobenz[c,d] in d o le  (LXl) as  a model compound were f i r s t  under­
ta k e n .  l , 3 , 4 ) 5 - ^ e 'fc2Va^ y(i r0 ^enz [o , d] in d o le  (LXXXl) was o b ta in ed  in  
good y ie ld ,  a lthough  th e re  was i n f r a r e d  evidence CV max. 3380cm. 
f o r  a small amount o f  ^  double bond re d u c t io n .  Reduction i n  
th e  in d o le  r i n g  was confirmed by th e  f u r t h e r  r e d u c t io n  o f  th e  
te t r a h y d ro  p roduct (LXXXl) to  th e  hexahydro d e r iv a t iv e  by pro longed  
r e a c t io n ,  and a lso  by th e  r e d u c t io n  o f  in d o le  and te t ra h y d ro c a rb a — 
zole  under s im i la r  c o n d i t io n s .
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The r e a c t io n  was then  c a r r i e d  out on th e  acetam ido-ketone 
(LXXIX) employing th e  optimum c o n d i t io n s  described*  V arious un­
su c c e s s fu l  a t tem p ts  were made to  p u r i f y  and c r y s t a l l i s e  th e  
r e s u l t i n g  product* The in f r a r e d  spectrum o f  t h i s  m a te r ia l  r e t a i n ­
ed th e  a b so rp tio n  maximum at. l 660cm.""\ which in  th e  s t a r t i n g  
m a te r ia l  was a t t r i b u t e d  to  th e  N -aoety l carbonyl s t r e t c h in g ,  but 
lack ed  th e  h ig h e r  frequency  shou lde r  a t t r i b u t e d  to  th e  5-oxo 
fu n c t io n ,  which in d ic a te d  t h a t  a lthough th e  m a te r ia l  r e t a in e d  th e  
N -a ce ty l  fu n c t io n  th e  k e to  group had been removed* A d d itio n a l 
ev idence came from th e  f a c t  t h a t ,  i n  c o n t r a s t  to  th e  s t a r t i n g  
m a te r ia l ,  th e  p roduct d id  no t form an oxime* A change in  absorp­
t i o n  frequency  o f  th e  N-H o f  th e  amide fu n c t io n  was a lso  observed* 
In  th e  ace ty lam ino-ke tone  (LXXIX) t h i s  ab so rp tio n  occu rred  a t  
3400cm* ^ whereas i n  th e  p roduct th e  co rrespond ing  a b so rp tio n  was 
a t  3 4 3 0 c m . T h e  low er frequency  N-H ab so rp tio n  observed in  th e  
acety lam ino-ke tone (LXXIX) could r e s u l t  sim ply from th e  p resence  
Qf th e  ad jace n t k e to  fu n c t io n  o r  p o s s ib ly  from in tr a m o le c u la r  
hydrogen bonding between th e  k e to  group and th e  hydrogen atom o f  
th e  amide fu n c t io n .  In  e i t h e r  case removal o f  th e  k e to  group 
would be expected  to  r e s u l t  i n  a change in  th e  a b so rp tio n  frequency  
o f  th e  N-H group. A comparison o f  th e  i n f r a r e d  spectrum o f  th e  
impure LXXX w ith  th a t  o f  th e  a c e ty l  d e r iv a t iv e  o f  th e  impure 4 -  
am ino-1 ,3>4 > 5-te trahydrobenz [c ,d ] in d o le  (L) p rep ared  from th e  
oxime (LXXIl) showed t h a t  th e y  were very  s im i la r  ( see  f i g .  1 2 ) .
I t  was th e r e fo r e  concluded t h a t  th e  Clemmensen re d u c t io n  had g iven  
r i s e  to  th e  a c e ty l  d e r iv a t iv e  o f  th e  r e q u i r e d  amine (L ).
While t h i s  work was i n  p ro g re s s ,  S prenger, Cannon and 
198K o e ll in g  re p o r te d  t h e i r  f a i l u r e  to  convert th e  am in o te tra lo n e  
h y d ro ch lo r id e  (LXXXIl) in to  th e  a m in o te t r a l in  (LXXXIIl) by a 
Clemmensen r e d u c t io n .  These workers o b ta in ed  none o f  th e  r e q u i r e d
product bu t i s o l a t e d  th e  re a rra n g e d  n aph tha lene  d e r iv a t iv e  (LXXXIV) 
and th e  deaminated t e t r a l i n  (LXXXV). S im ila r  r e s u l t s  were o b ta in ed
-6 0 -
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r e d u c t io n ) .
f i g .  12
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on the- s im p le r  hon-methoxylated a m in o te tra lo n e  hydroch loride*  No 
mechanism was proposed f o r  th e  fo rm ation  o f  th e s e  p ro d u c ts  h u t i t  
would appear t h a t  in  our case th e  N -a ce ty l  f u n c t io n  or th e  in d o le  
n u c leu s  markedly p r o te c t s  th e  a c e ty lam in o -k e t one (LXXIX) from 
s im i l a r  deam ination  and rea rran g em en t• P a r t i a l  h y d ro ly s is  o f  th e  
N -a c e ty l  fu n c t io n ,  fo llow ed hy th e  rea rran g em en ts  analogous to  
th o se  d e sc r ib e d  above, however, might be r e s p o n s ib le  f o r  th e  d i f f ­
i c u l t i e s  e n c o u n t e r e d  i n  o b t a i n i n g  t h e  p r o d u o t  i n  a c r y s t a l l i n e  fo rm *
Although i n s e r t i o n  o f  th e  acetylam ino group cA to  th e  k e to
fu n c t io n  proceded i n  low y i e ld ,  and th e  Clemmensen re d u c t io n  gave
a n o n - c r y s ta l l in e  p ro d u c t,  i t  was cons idered  th a t  th e  sequence was
capab le  o f  a p p l ic a t io n  to  th e  sy n th e s is  o f  th e  6-hydroxy  analogue.
The most a t t r a c t i v e  f e a tu re  of  the  ro u te  l a y  in  th e  f a c t  t h a t  4 -
am ino-6-hydroxy —1 , 3 , 4 , 5-i;e'krahydrobenz [c ,d ] in d o le  (XLl) would be
on ly  two stages removed from 6-hydroxy-5-oxo-l,3 ,4>  5 - ‘te‘krahydro-
benz [c ,d ] in d o le  (CIX) which would be a u se fu l  in te rm e d ia te  f o r  th e
s y n th e s is  o f  5-am ino-6-h y d ro x y - l , 3 , 4 , 5- ie tra h y d ro b e n z  [c ,d ] in d o le
(XLVIl) ♦ However, as 4 -a m in o - l ,3 ,4 ,5 - te t ra h y d ro b e n z  [c ,d ] in d o le  (L)
176had been p rep ared  e a r l i e r  by Gould and Jacobs, 1 and th e  p re se n t
NH2 HCI
O
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fig* 13
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i n v e s t ig a t i o n s  as ju s t  d e sc r ib e d  had served  t h e i r  purpose in  open­
in g  up a p o s s ib le  ro u te  f o r  th e  s y n th e s is  o f  th e  more im portan t 6-  
hydroxy analogue, f u r t h e r  a t tem p ts  to  more f u l l y  c h a ra c te r i s e  th e
4-amino compound (L) were n o t  undertaken .
The p r e p a ra t io n  of th e  co rrespond ing  6-h y d ro x y te trah y d ro b en s -  
[c,-d]indoles was i n i t i a t e d  by examining th e  ro u te s  a v a i la b le  f o r  
t h e  s y n t h e s i s  o f  p - ( 5 - m e t h o x y i n d o l - 3 - y l ) ~ p r o p i o n i o  ac id  ( X C I j ) .
5-M ethoxyindole (XCX), p rep a red  accord ing  to  the  methods o f
199 200 K oelsch and o f  B la ik ie  and P erk in  as shown in  f i g .  14* was
i n i t i a l l y  chosen as th e  s t a r t i n g  m a te r ia l  and i t s  conversion  i n t o
th e  re q u ire d  3 -p ro p io n ic  ac id  examined. The l i t e r a t u r e  methods f o r
th e  p re p a ra t io n  o f  - ( i n d o l - 3- y l ) -p ro p io n ic  ac id  from in d o le ,  u s in g
201 202 a c r y l io  ac id  and p ro p io la c to n e  were f i r s t  employed; [^-methoxy-
in d o le  (XCI) was h ea ted  under r e f lu x  w ith  a o ry l io  aoid  in  a m ix tu re
o f  a c e t io  ac id  and a c e t i c  anhydride and a s a t i s f a c t o r y  y ie ld  o f
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T
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th e  p ro p io n io  ac id  (XCIl) was o b ta in ed . The method u s in g  p ro p io -  
la o to n e  was l e s s  s a t i s f a c t o r y  and, a l though  th e  i n f r a r e d  spectrum 
o f  th e  p roduct was as expected  f o r  th e  r e q u ire d  p roduo t, no (3 - ( 5-  
m ethoxyindo l-3- y l ) -p ro p io n io  ac id  was o b ta in ed  in  a c r y s t a l l i n e  
form. These methods were, however, d isc a rd e d  in  favou r o f  th e  
more e f f i c i e n t  ro u te  i n i t i a l l y  d e sc r ib e d  by B a r r e t ,  P erk in  and
Robinson, 
OCHa
and l a t e r  m odified  by R e n so n ^ ^  (see  f i g .  15)
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p-methoxyphenyldiazonium hydroxide (X C IIl) was condensed w ith  e th y l
2-o x o -c y c lo p en tan e ca rb o x y la te  (XCIV) ,  p rep a red  from d ie th y l  ad ip a te
204by a Dieckmann r e a c t io n ,  to  g ive th e  p-methoxyphenylhydrazone * 
(XCV). C y c l is a t io n  o f  t h i s  hydrazone to  th e  in d o le  d e r iv a t iv e  (XCVl), 
fo llow ed by h y d ro ly s is  to  th e  d i - a c id  (XCVIl) and subsequent de­
c a rb o x y la t io n ,  gave th e  r e q u ire d  p - (5 -m e th o x y in d o l-3 -y l) -p ro p io n ic  
a c id  (X C Il) . The fo rm ation  o f  th e  phenylhydrazone was c a r r i e d  out 
a t  0 and n e c e s s i t a t e d  th e  slow a d d i t io n  o f  th e  d iazo  and th e  e th y l  
2-o x o -cy c lo p en tan eca rb o x y la te  s o lu t io n s  to  a sodium a c e ta te  s o lu t io n  
a t  0°. An e f f i o i e n t  method o f  t r a n s f e r e n c e  w ith  e f f e c t i v e  c o o l in g  
was th e re fo r e  d ev ised  which le d  to  h igh  y ie ld s  o f  th e  p-methoxy- 
phenylhydrazone (XCV).
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S h o r t ly  a f t e r  th e  com pletion o f  t h i s  s ta g e  o f  th e  work, what
appears  to  he a s im p le r  s y n th e s is  o f  th e  methyl e s t e r  o f  (3 -(5 -
m ethoxyindol-3- y l ) -p ro p io n io  ac id  was r e p o r te d  in  th e  p a te n t  l i t -  
205e r a t u r e .  p-M ethoxyphenylhydrazine i s  condensed w ith  methyl 3 -  
fo rm y lb u ty ra te  i n  methanol c o n ta in in g  sodium a c e ta t e ,  and th e  
p roduct t r e a t e d  w ith  methanol c o n ta in in g  hydrogen c h lo r id e .
Hydrogenation of (3- (5 -m e th o x y in d o l-3 -y l) -p ro p io n io  ac id  could 
no t he achieved employing th e  c o n d i t io n s  p re v io u s ly  re p o r te d  f o r  
th e  re d u c t io n  o f  th e  bond i n  th e  co rrespond ing  un­
s u b s t i tu t e d  in d o le p ro p io n ic  a c id ;  even a t  e le v a te d  tem pera tu re  
and p re s s u re ,  no reduced m a te r ia l  was i s o l a t e d .  Attempts were
th e r e f o r e  made to  hydrogenate th e  co rrespond ing  methyl e s t e r  by
20 6th e  procedure  o r i g i n a l l y  d e sc r ib e d  by B lout and Bobinson f o r  
th e  convers ion  o f  methyl p - ( i n d o l - 3- y l ) -p ro p io n a te  to  i t s  in d o l in e  
d e r iv a t i v e .  The hydrogenation  was c a r r i e d  out in  methanol c o n ta in ­
in g  a t r a o e  o f  a c id  w ith  p la tinum  oxide as c a t a l y s t .  Hydrogen up­
ta k e  was r a p id ,  even a t  room tem pera tu re  and a tm ospheric  p re s s u re ,  
and continued  w ith  no apparen t b reak  u n t i l  w ell i n  excess  o f  one 
mole o f  hydrogen had been absorbed (see  f ig *  1 6 ) .  Although some
theoret ica l
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o f  th e  r e q u ire d  m a te r ia l  was i s o l a t e d  in  low y ie ld  as  th e  N-
benzoyl d e r iv a t iv e  (XCIX), unchanged s t a r t i n g  m a te r ia l  was a lso
reco v e red , i n d i c a t i n g  t h a t  re d u c t io n  was a lso  ta k in g  p la c e  a t
o th e r  cen tres*  I t  was apparen t t h a t  u n le s s  a more e f f i c i e n t
method of hydrogenation  could be found, th e  sy n th eses  o f  th e  two
re q u ire d  hydroxy-amino compounds could no t be achieved  econom ically
by t h i s  approach. A d e t a i l e d  s tudy  o f  t h i s  hydrogenation  was
th e r e fo r e  c a r r i e d  o u t .  C a ta ly t i c  r e d u c t io n s  o f  th e  f r e e  a c id ,  as
w ell as  o f  th e  d e r iv e d  methyl and e th y l  e s t e r s  were examined, in
aqueous b a s ic ,  and a c id ic  and n e u t r a l  a lc o h o l ic  s o lu t io n s ,  u s in g
Haney n ic k e l ,  p la tinum  ox ide , pa llad ium  on carbon, and rhodium on
carbon as th e  c a t a l y s t s .  Raney n ic k e l  and pa llad ium  on oarbon
proved i n s u f f i c i e n t l y  a c t iv e ,  and th e  hydrogenation  proceeded on ly
a t  a very  low r a t e .  Rhodium on carbon, a lthough  in d u c in g  a r a p id
hydrogen u p take , brought about u n s e le c t iv e  hydrogenation . P la tinum
oxide appeared most e f f i c i e n t  f o r  th e  r e q u ire d  re d u c t io n  and th e
optimum c o n d i t io n s  appeared to  be th o se  a l re a d y  d eso r ib e d  by B lout
and Robinson. However, d u r in g  th e  course o f  t h i s  work, Smith and 
207U tley  re p o r te d  th e  smooth re d u c t io n  o f  in d o le ,3 -m e th y l in d o le  
and v a r io u s  te t ra h y d ro c a rb a z o le s  to  th e  co rrespond ing  in d o l in e  d e r ­
i v a t i v e s  by hydrogenation  a t  room tem pera tu re  and atm ospheric  
p re s su re  u s in g  p la tinum  oxide c a t a l y s t  in  e th an o l and f lu o ro b o r ic  
a c id .  T h is  system was th e r e f o r e  a p p l ied  to  th e  hydrogenation  o f  
p - ( 5-m ethoxy indo l-3- y l ) - p r o p io n ic  a c id ;  a lthough  i t  was r a t h e r  
u n s a t i s f a c to r y  f o r  th e  f r e e  a c id ,  th e  e th y l  e s t e r  (XCVIIl) was 
smoothly and r a p id ly  reduced . Only one mole o f  hydrogen was con­
sumed (see  f i g .  17) a^d a rep ro d u o ib le  h igh y ie ld  of th e  re q u i r e d  
in d o l in e p ro p io n io  e s t e r  was i s o l a t e d .  T h is  was d i r e c t l y  hydro lysed  
in  aqueous sodium hydroxide to  th e  f r e e  ac id  which was N -benzoyla ted  
in  s i t u  u s in g  th e  Schotten-Baumann procedure  to  give /3 - ( 1-benzoyl-  
5 -m e th o x y in d o lin -3 -y l) -p ro p io n io  ac id  (XCIX) in  a rep ro d u o ib le  
y i e ld  o f  62$ .  I t  i s  o f  i n t e r e s t  t h a t  a f t e r  t h i s  work was completed,
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th e  p re p a ra t io n  o f  (3 - ( l - b e n z o y l ^ - c ^ B o x y i n d o l i n ^ - y l ) - p r o p i o n i o
a c id ,  a long  w ith  v a r io u s  o th e r  d e r iv a t iv e s  was r e p o r te d  in  th e
205p a te n t  l i t e r a t u r e  ^ u s in g  p a r t i c u l a r l y  fo rc in g  c o n d i t io n s  in v o lv in g  
hydrogenation  o f  methyl p - ( l - b e n z o y l - 5 “me'k h o x y in d o l-3 -y l)-p ro p io n -  
a te  in  methanol w ith  Raney n ic k e l  as c a t a l y s t  a t  222 atmospheres 
f o r  48 hr* I t  i s  apparen t th e r e f o r e  t h a t  th e  c o n d i t io n s  d e s c r ib e d  
in  th e  p re s e n t  work re p re s e n t  a much s im p le r  p rocedure .
CH3O,
C Ha O O
c 6h 5c o n
c h 2 c h 2 c o o h  c h ^o  
 >■
CH2C H 2C O O C 2H5
c 6h 5 c o n
OH NOH
xcn
c h 31
AI Cl
OH O
c 6h 5c o n I
C H i C O O  o
c 4h 5c o n
xcvm
CHjQ
1
c o c 6h 5
XCIX
c h 2 c h 2 c o o h
c 6 h 5c o n
Cl CJl LIX
fig. 18
|3 - ( l -B e n z o y l-5 -m e th o x y in d o l in -3 -y l ) -p ro p io n ic  ac id  (XCIX) was 
th en  oonverted  i n to  i t s  ac id  c h lo r id e  by tre a tm en t w ith  th io n y l  
c h lo r id e ,  and c y c l is e d  by an in t r a m o le c u la r  F r i e d e l - C r a f t s  a c y la t io n  
u s in g  an analogous procedure to  t h a t  d e s c r ib e d  above f o r  the  c y c l i s ­
a t io n  o f  / I - ( l - b e n z o y l in d o l i n - 3- y l ) - p r o p io n ic  ac id  (see  p., 51)*
The major p roduct was no t th e  6-methoxy compound ( C I I I ) ,  bu t was i n
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f a c t  l - b e n z o y l - 6-hydroxy-5- o x o - l , 2 , 2a , 3 >4 >5“kexahydrobenz [c,d] — 
indol© (C ). T h is  was c h a ra c te r i s e d  as th e  oxime (C l) ,  p rep a re d  
u s in g  hydroxylamine h y d ro ch lo r id e  and sodium a c e ta te  in  aqueous 
e th a n o l io  s o lu t io n ,  and as th e  O -ace ty l d e r iv a t iv e  (C I l)  which was 
formed in  p y r id in e  by th e  a c t io n  o f  a c e ty l  c h lo r id e .
Cleavage o f  the  C»-alkyl bond, as observed d u r in g  t h i s  c y o l i s -
190 208a t io n ,  i s  f r e q u e n t ly  encountered  3 d u r in g  P r i e d e l - C r a f t s
r e a c t io n s  which invo lve  s u b s t i t u t i o n  o f  th e  acy l group o r tho  to
th e  alkoxy group. T e a lk y la t io n  o f  e th e r s  i n  g enera l under a c id
c o n d i t io n s  i s  w ell  documented and r e q u i r e s  no f u r t h e r  d i s c u s s io n ,
bu t th e  p o s s ib le  f a c i l i t a t i o n  o f  t h i s  r e a c t io n  by an a d ja c e n t  oxo
fu n c t io n  d u r in g  an aluminium c h lo r id e  c a ta ly s e d  r e a c t io n  d e se rv e s
some comment. Although aluminium c h lo r id e  i s  a l so  known to  be
209capable  o f  dem ethy la ting   ^ methoxyl groups remote from k e to n ic  
fu n c t io n s ,  th e  c o n d i t io n s  n e c e ssa ry  f o r  t h i s  p ro cess  a re  g e n e ra l ly  
more severe  th a n  those  employed in  th e  c y c l i s a t i o n  o f  th e  a c id  
c h lo r id e  o f  XCIX. I t  was o f  i n t e r e s t  th e r e f o r e  to  determ ine w hether 
th e  neighbouring  oxo fu n c t io n  formed in  th e  c y c l i s a t i o n  was c r i t ­
i c a l l y  in f lu e n c in g  th e  dem ethy la tion  o f  th e  6-methoxy group, o r  
w hether th e  methoxy group was i t s e l f  s u f f i c i e n t l y  l a b i l e  to  s u f f e r  
c leavage b e fo re  c y c l i s a t i o n .  For t h i s  purpose bo th  th e  methoxy- 
ke tone  (C I I l )  (p rep a red  by th e  a c t io n  o f  methyl io d id e  on th e  c o r r ­
esponding hydroxy-ketone (C) under th e  in f lu e n c e  o f  sodium e th o x id e )  
and p - ( l -b e n z o y l -5 -m e th o x y in d o l in -3 -y l ) -p ro p io n ic  a c id  (XCIX) were 
each s e p a ra te ly  su b je c te d  to  th e  c o n d i t io n s  under which th e  a c id  
c h lo r id e  o f  (3 - ( l - b e n z o y l - 5-m eth o x y in d o lin -3- y l ) - p r o p io n ic  ac id  
(XCIX) had been c y c l i s e d .  On exam ination  o f  th e  r e s p e c t iv e  p ro d u c ts ,  
th e  methoxy-ketone (C I I l )  was found to  have undergone 40$ c leavage 
to  th e  co rrespond ing  phenol (C) whereas th e  m e thoxy indo linp rop ion ic  
ac id  (XCIX) was recovered  unchanged. These o b se rv a tio n s  would 
i n d i c a t e  t h a t  th e  dem ethy la tion  occurs d u r in g  o r  a f t e r  c y c l i s a t i o n  
and no t p r i o r  to  c y c l i s a t i o n .  The low er y i e ld  o f  hydroxy-ketone (c)
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i s o l a t e d  from th e  model r e a c t io n  on th e  methoxy-ketone (C I I l )  as 
compared w ith  t h a t  i s o l a t e d  from th e  c y c l i s a t io n  o f  (1 - ( l - b e n z o y l -
acylium io n )  was, i n  some way, a s s i s t i n g  dem ethy la tion  o f  th e  
ne ighbouring  methoxyl group* Thus w ith  t h i s  e x t r a  d r iv in g  fo rc e  
be ing  absen t in  th e  preform ed methoxy-katone ( C I I l ) ,  a low er r a t e  
o f  dem ethy la tion  o f  t h i s  compound would be expected# However, a 
s im p le r  and more f e a s ib l e  e x p la n a t io n  f o r  th e  d i f f e re n c e  i n  demeth­
y l a t i o n  y ie ld s  i s  t h a t  th e  ac id  c h lo r id e  o f  XCIX i s  more f r e e l y  
so lu b le ,  and a lso  i s  more r e a o t iv e  towards aluminium c h lo r id e  th an  
i s  th e  methoxy-ketone ( C I I l ) .
P o s s ib ly  r e l a t e d  to  th e se  dem ethy la tion  r e a c t io n s  are  those  
210r e c e n t ly  r e p o r te d  f o r  th e  s t r u c t u r a l l y  s im i la r  m ethoxy-ketones 
o f  th e  type CIV, which on tre a tm e n t  w ith  boron t r i c h l o r i d e  y i e ld  
th e  co rrespond ing  pheno ls . I t  has been proposed t h a t  boron t r i ­
c h lo r id e  forms a c y c l ic  complex (CV) in v o lv in g  th e  k e to  fu n c t io n ,  
and t h i s  a s s i s t s  dem ethy la tion  to  g ive th e  hydroxy-ketone (C V Il). 
The s im i la r  e le o t r o n io  c o n f ig u ra t io n  o f  boron t r i c h l o r i d e  and 
aluminium t r i c h l o r i d e  and t h e i r  s im i la r  ac ce p to r  p r o p e r t i e s  would 
suggest t h a t  a scheme analogous to  t h a t  shown in  f ig #  19 might 
p o s s ib ly  be o p e ra t iv e  w ith  aluminium c h lo r id e .  T h is  would account
5-m eth o x y in d o lin -3-y l ) - p r o p io n y l  c h lo r id e  could be ex p la in e d  i f  
th e  p ro cess  o f  c y c l i s a t i o n  ( a t t a c k  on th e  in d o le  4- p o s i t i o n  by th e
,0 “ H
I )
c h 3 c h 3
CIV CV CY1 CVII
fig. 19
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f o r  th e  f a c i l i t a t e d  dem ethy la tion  observed i n  th e  methoxy-ketone 
(C I I l )  and s im i l a r ly  in  th e  c y c l i s a t i o n  p roduct o f  ^  - ( l - b e n z o y l -
5-m eth o x y in d o lin -3-y l ) - p r o p io n y l  c h lo r id e .
The second p ro d u c t,  i s o l a t e d  in  low y i e l d ,  from th e  c y c l i s a t io n  
o f  th e  ac id  c h lo r id e  o f  /3 - ( l -b e n z o y l-5 -m e th o x y in d o l in -3 -y l) -p ro p io n ­
i c  ac id  (XCIX) was th e  dem ethoxylated compound l - b e n z o y l - 5 - o x o - l ,2 ,— 
2 a ,3 j4 > 5 -h ex ah y d ro b en z[c ,d ] in d o le  (LIX), i d e n t i c a l  in  a l l  r e s p e c ts  
w ith  an a u th e n t ic  sample p rep ared  as d e s c r ib e d  on p . 51* Although 
cleavage o f  an £ - a lk y l  bond o f  e th e r s  i s  commonly encountered  d u ring  
F r i e d e l - C r a f t s  r e a c t io n s  th e  fo rm ation  o f  th e  dem ethoxylated m a te r ia l  
LIX, r e s u l t i n g  from O -aryl c leavage , i s  d i f f i c u l t  to  r a t i o n a l i s e .  
R ecen tly  W. S chafer  and L e u te ^ ^  have re p o r te d  th a t  a c e ty l a t i o n  o f
5- i 9iramethoxybenzene r e s u l t s  i n  th e  fo rm ation  o f  2 , 4 >5- ' t r i -  
methoxyacetophenone bu t a lthough a methoxy group i s  l o s t  d u r in g  t h i s  
r e a c t io n  i t  i s  by replacem ent r a t h e r  th an  by a simple O -ary l bond 
c leavage .
190The in t r a m o le c u la r  hydrogen bonding which i s  r e p o r te d  to  
e x i s t  in  6-hydroxy-5- o x o - l , 2- d i m e t h y l - l , 3 >4 * 5- t e t r a h y d r o b e n z [ o ,d ] -  
i n d o l e  w as o b s e r v e d  i n  t h e  h y d r o x y - k e t o n e  ( C ) .  The i n f r a r e d  s p e c ­
trum of t h i s  m a te r ia l  i n  chloroform  possessed  no ab so rp tio n  above 
-1
3200 cm. , i n d i c a t in g  t h a t  th e  0-H s t r e t c h in g  frequency  had been 
s i g n i f i c a n t l y  low ered . Moreover, th e  a b so rp t io n  due to  th e  carbonyl 
s t r e t c h in g  mode o f  th e  group was lowered to  1660 cm. ^ as com­
pared  w ith  t h a t  a t  1680 cm. ^ observed in  th e  non-hydroxy la ted  m ater­
i a l  (LIX). M eth y la t io n , a c e ty l a t i o n  or b e n z y la t io n  y ie ld e d  p ro d u c ts ,  
th e  i n f r a r e d  s p e c t r a  o f  which in d ic a te d  t h a t  hydrogen bonding had 
been d es tro y ed  and th e  k e to  ab so rp tio n  frequency  was in c re a se d  to  
1670 cm.~^ F u r th e r  evidence f o r  th e  e x is te n c e  o f  hydrogen bonding was 
fu rn is h e d  by th e  d i f f i c u l t i e s  experienced  in  m e th y la tin g  o r  b e n z y la t in g  
th e  6-hydroxy l group. T h is  f in d in g  i s  c o n s is te n t  w ith  th o se  o f  Mann and 
Tetlow1^  who o b ta in ed  only 30$6 m e th y la tio n  o f  6-hyd roxy-5-oxor
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1 ,2 -d im e th y l- 1 , 3 , 4 , 5 - te tra h y d ro b e n z [c ,d ]  in d o le ,  and o f  Hunt and 
212R ickard  who found 1 -a c e ty l-7 -h y d ro x y in d o l in e  c o n s id e ra b ly  more 
d i f f i c u l t  to  m ethy la te  th a n  th e  co rrespond ing  5-  6-hydroxy d e r ­
i v a t i v e s ;  t h i s  th ey  a t t r i b u t e d  to  hydrogen bonding betv/een th e  7-  
hydroxyl and th e  carbonyl o f  th e  N -ace ty l  fu n c t io n .
The hydroxy-ketone (c) was debenzoy la ted  by tre a tm e n t  w ith  a 
m ix ture  o f  a c e t i c  ac id  and h y d ro c h lo r ic  a c id  and th e  r e s u l t i n g  
in d o l in e  d e r iv a t iv e  (CVIIl) dehydrogenated in  good y ie ld  to  th e  
co rrespond ing  in d o le  (CIX) by means o f  manganese d io x id e  in  methy­
le n e  c h lo r id e .  The in c re a s e  in  co n ju g a tio n  r e s u l t i n g  from dehydrog­
e n a t io n  lowered th e  frequency  o f  th e  5-c&rbonyl s t r e t c h i n g  abso rp ­
t i o n  s t i l l  f u r t h e r  to  1640cm. ^ A s im i la r ,  though l e s s  marked, 
dec rease  i n  frequency  was observed on d eb en zo y la tio n  and a ro m a t is -  
a t io n  o f  l - b e n z o y l - 5 - o x o - l ,2 ,2 a ,3 , 4 , 5 -hex ah y d ro b en z [c ,d ]in d o le  (LIX); 
th e  ab so rp tio n  due to  th e  k e to  fu n c t io n  o f  th e  s t a r t i n g  m a te r ia l  
appears a t  1680cm. ^ whereas th e  co rrespond ing  a b so rp tio n  in  5-o x o -  
1 , 3 , 4 , 5^ e tra h y d ro b e n z [c ,d ] in d o le  (LXl) occurs  a t  1 6 7 0 c m . I t  i s  
to  be no ted  t h a t  where th e  k e to  fu n c t io n  i s  no t i n  co n ju g a tio n  w ith  
th e  arom atic  system, as in  l - b e n z o y l - 4- o x o - l , 2 , 2a , 3 , 4 , 5-kexahydro -  
b e n z [c ,d ] in d o le  (LXVIl), a b so rp tio n  occurs  a t  a frequency  o f  1700cm.
OH O OH O OH O
CHcCON
cvm
XLVJI cx L X
fig. 20
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The t r i c y c l i c  in d o le  (CIX) was converted  in to  th e  oxime (CX), 
u s in g  hydroxylamine h y d ro ch lo r id e  and sodium a c e ta te  in  aqueous- 
e th a n o l ,  and th e  p roduct was reduced to  th e  re q u ire d  amine (XLVIl) 
w ith  l i th iu m  aluminium hydride  in  te t r a h y d ro fu ra n .  The i n t e r ­
m ediate compounds C -  CX proved s ta b le  and no s p e c ia l  p re c a u t io n s  
were re q u ire d  d u r in g  t h e i r  p rep a ra t io n *  The amine (XLVIl), how­
e v e r ,  was ex trem ely  u n s ta b le  in  th e  p resence  o f  oxygen and th e  
re d u c t io n  and th e  i s o l a t i o n  o f  th e  p roduct were th e r e f o r e  c a r r i e d  
out under n i t r o g e n .  As i t  was not p o s s ib le  to  r e c r y s t a l l i s e  t h i s  
amine w ithou t co n s id e rab le  decom position , i t  was converted  in to  
th e  more s ta b le  hy d ro ch lo r id e  by t re a tm e n t  w ith  hydrogen c h lo r id e  
in  a m ix tu re  o f  benzene and e th e r  under n i t r o g e n .  Under th e  
a c id ic  c o n d i t io n s  o f  fo rm ation  t h i s  h y d ro ch lo r id e  was a lso  un­
s t a b l e ,  but when pure i t  was co n s id e ra b ly  l e s s  l a b i l e .  The p r e o ip -  
i t a t e d  h y d ro ch lo r id e  was f re e d  from excess  hydrogen c h lo r id e  by 
re p e a te d  c e n t r i f u g a t io n  and d e c a n ta t io n  u s in g  sodium -dried  e t h e r .  
The h y d ro ch lo r id e  was d r ie d  in  a stream  o f  n i t ro g e n  and r e c r y s t ­
a l l i s e d  from e th an o l to  g ive c o lo u r le s s  cubic  c r y s t a l s  o f
6 -h y d ro x y - l ,3 » 4 ,5 - ‘t e'k*,ahydrobenz [c,d] in d o le  (XLVIl) h y d ro c h lo r id e .  
The c r y s t a l s  q u ick ly  darkened and decomposed on h e a t in g  so t h a t  no 
m e ltin g  p o in t  f o r  t h i s  m a te r ia l  could be reco rd ed . Analyses o f  
th e  h y d ro ch lo r id e  were in c o n s i s te n t  and v a r ie d  c o n s id e ra b ly  a c c -  ■ 
o rd ing  to  th e  tim e and tem pera tu re  o f  d ry in g ,  and to  th e  tim e o f  
a n a ly s i s .  T h is  was a t t r i b u t e d  to  a slow o x id a t io n  of th e  m ater­
i a l  in  th e  a i r .  Attempts to  i s o l a t e  s t a b le  d e r iv a t iv e s ,  such as 
th e  0 ,H -d ia c e ty l  and O^N-dibenzoyl oompounds, f o r  a n a ly s i s  were 
u n su c c e s s fu l .
In  an a ttem pt to  s im p lify  th e  r e a c t io n  sequence le a d in g  to
6 -h y d ro x y -5 -o x o - l ,3 ,4 ,5 “ 'te‘t^S'hydrobenz[c,d] in d o le  (CIX), th e  
s im ultaneous h y d ro x y la tio n  and dehydrogenation  o f  th e  correspond­
in g  non-hydroxyl a t  ed in d o l in e  (LX.) was examined. T h is  approach 
to  5-hydroxy indo les  has been developed and w idely  employed by
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213Teuber who has s u c c e s s fu l ly  h y d roxy la ted  and in d o l i s e d  d ih y d ro -  
s k a to le ,  2-p h e n y lin d o l in e  and a v a r i e t y  o f ’o th e r  in d o l in e s  u s in g  
Premy*s s a l t .  T h is  method has a lso  been used f o r  th e  p r e p a r a t i o n ^ ^  
o f  what was thought to  be 12-h y d ro x y ly se rg ic  ac id  from 2 , 3-£ ih y d ro -  
l y s e r g i c  a c id .  Although t h i s  method proved s u c c e s s fu l  when a p p l ie d  
to  the  in d o l in e  (LX), c o n v e r t in g  i t  i n to  6 -h y d ro x y -5 -o x o -l , 3 , 4>5- 
te trah y d ro b en z  [c ,d ] in d o le  (CIX), the  y ie ld  was too  low to  make th e  
method o f  p r a c t i c a l  a p p l ic a t io n .  The c o n d i t io n s  o f  th e  r e a c t io n  
were m odified  w ith in  small l i m i t s  and th e  r e a c t io n  tim es w idely  
v a r ie d  in  an a ttem pt to  improve th e  y i e l d  but w ithou t su c c es s .  The 
p ro te c te d  in d o l in e ,  1-b e n z o y l-5- o x o - l , 2 , 2a , 3 , 4 >5- h 0*akydr*obenz [ c ,d ] -  
in d o le  (LIX), was a lso  t r e a t e d  w ith  Premys s a l t  bu t on ly  unchanged 
s t a r t i n g  m a te r ia l  was i s o l a t e d .
A most v a lu a b le  in te rm e d ia te  f o r  th e  p r e p a ra t io n  o f  4-am ino-
6-h y d ro x y - l ,3 ,4 ,  S-'ts 'trahydrobenz [c,d] in d o le  (XLI) would be th e  
hydroxy-ketone (CXI); th e  4- k e to - in d o l in e  (LXIX) and th e  oxime 
(LXXl)(see p*54) were th e r e fo r e  bo th  t r e a t e d  w ith  Premys s a l t  in  
an a ttem pt to  p rep a re  t h i s  m a te r ia l ,  o r  b e t t e r  the  oxime (CXII), 
bu t w ithout su c c e ss .  Both chemical and s p e c t r a l  ev idence in d ic a te d  
th a t  th e  major p roduct o f  th e  r e a c t io n s  was s t a r t i n g  m a te r ia l  con­
tam ina ted  w ith  v a r io u s  decom position p ro d u c ts .  No m a te r ia l  po ss­
e s s in g  a b so rp tio n  i n  the  i n f r a r e d  a t t r i b u t a b l e  to  an in d o l i c  N-H 
was i s o l a t e d .
OH OH
NOH
HNHN
CXI
Because h y d ro x y la tio n  o f  th e  in d o l in e  (LXIX) o r  th e  correspond­
in g  oxime (LXXl) was no t p o s s ib le  under th e  c o n d i t io n s  employed,
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a t t e n t io n  was c o n c en tra ted  upon th e  d i r e c t  n i t r o s y l a t i o n  o f  6-  
h y d ro x y -5 -o x o -l ,3 ,4 > 5 - te tra h y d ro b e n z  [c,d] in d o le  (CIX). The 
p roduc t o f  n i t r o s y l a t i o n ,  a f t e r  r e d u c t io n  to  th e  ot-am ino-ketone 
h y d ro ch lo r id e , d i a c e t y l a t i o n ,  and removal o f  the  5-°xo  fu n c t io n  
should , i n  th e o ry ,  f u rn is h  th e  d ia c e ty l  d e r iv a t iv e  o f  th e  r e q u ire d
4 -a m in o -6 -h y d ro x y - l ,3 ,4 ,5 - te tra h y d ro b e n z  [c,d] in d o le  (XLI). Before 
examining th e  n i t r o s y l a t i o n  s ta g e ,  t r i a l  Clemmensen r e d u c t io n s  
were conducted u s in g  6-hydroxy-5- o x o - l , 3 >4 , 5- te t r a h y d ro b e n z [c ,d ]  -  
in d o le  (CIX) as a model compound to  ensure  t h a t  th e  hydrogen 
bonded 5-°* °  fu n c t io n  could be p r e f e r e n t i a l l y  reduced w ithou t th e  
s im ulataneous re d u c t io n  of  th e  in d o l i c  C ^  double Bond, 
C onditions s im i la r  to  those  employed f o r  th e  r e d u c t io n  of th e  non- 
h yd roxy la ted  m a te r ia l  (LXl) gavs th e  r e q u ire d  6-h y d ro x y - l , 3t4>5- 
te t ra h y d ro b e n z [c ,d ] in d o le  (CXIII)^*^ i n  50$ yield.* Thus th e  i n t r a ­
m olecu lar  hydrogen bonding i n  th e  s t a r t i n g  m a te r ia l  d id  no t appar­
e n t ly  have any s i g n i f i c a n t  e f f e c t  upon th e  r a t e  o f  re d u c t io n  o f  
th e  S - o ^ e - f ^ c t i o n .
Attempts to  in tro d u c e  th e  acety lam ino group ad jace n t to  th e  
oxo fu n c t io n  o f  th e  hydroxy-lcetone (CIX) r e s u l t e d  i n  th e  fo rm ation  
o f  a b lack  t a r r y  product from which no pure m a te r ia l  could be i s o ­
l a t e d .  Chromatography o f  th e  m a te r ia l  on s i l i c a  ge l gave a s e r i e s  
o f  f r a c t i o n s ,  some of which possessed  an i n f r a r e d  a b so rp tio n  max­
imum a t t r i b u t a b l e  to  the  in d o l i c  N-H, bu t none po ssessed  a b so rp tio n
in  th e  3400 o r  1650cm. -1
amide.
-se­
re  g i on, c h a r a c t e r i s t i c  o f  a secondary 
OH O
HN HN
CXUJ CIX 
fig . 21
CX1V
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The n i t r o s y l a t i o n ,  re d u c t io n  and a c e ty l a t i o n  r e a c t io n s  were 
re p e a te d  on th e  O -ace ty l d e r iv a t iv e  (CXIV) i n  an a ttem pt to  
s t a b i l i s e  th e  p roduc ts  but w ith  no more su c c e s s .  The only  c r y s t ­
a l l i n e  s o l id  i s o l a t e d  from t h i s  r e a c t io n  sequence was th e  hydroxy- 
ke tone (CIX) i n d ic a t in g  th a t  the  acetoxy  group was too  l a b i l e  to  
be used as a p r o te c t in g  group in  t h i s  r e a c t i o n .  I n f r a r e d  evidence 
f o r  the  p resence o f  any m a te r ia l  p o s se s s in g  an amide fu n c t io n  was 
la c k in g .  The benzyl group, which should be l e s s  l a b i l e  than  the  
a c e ty l  fu n c t io n ,  and y e t  e a s i l y  removed by hydrogenation , was 
th e r e fo r e  employed as a p r o te c t in g  group. Attempts to  b en zy la te  
th e  hydroxy-ketone (CIX) d i r e c t l y  to  g ive th e  corresponding  benzy l-  
oxy d e r iv a t iv e  (CXVII) were u n su c c e s s fu l .  Owing to  the  in tra m o le c ­
u l a r  hydrogen bonding between the  hydroxyl group and th e  5-*cei °
fu nc tion ; in  CIX prolonged t re a tm e n t w ith  benzyl c h lo r id e  in/
aqueous e t h a n o l i c  sodium hydroxide was n e c e s s a r y  to  e f f e c t  b e n z y l­
a t io n .  Under th e s e  c o n d it io n s  s u f f i c i e n t  d ecom p o sit ion  would 
appear to  have taken p la c e  to  p reven t th e  e f f e c t i v e  i s o l a t i o n  o f  
th e  req u ired  b en zy lo xy  product (CXVIl). T h is  d i f f i c u l t y ,  however, 
was r e s o lv e d  u s in g  an a l t e r n a t i v e  r o u te  to  th e  b en zy loxy-lceton e  
( CXVII) in v o lv in g  th e  b e n z y la t io n  o f  th e  p r o te c te d  l - b e n z o y l - 6 -  
h y d r o x y -5 -o x o - l ,2 ,2 a ,3 ,4 > 5 -h © x a h y d r o b e n z  [ c ,d ] i n d o l e  (c). The r a te  
o f  b e n z y la t io n  o f  t h i s  m a te r ia l  was s lo w , but th e  r e a c t io n  was not  
accompanied by d eco m p o sit io n . P ro longed  and r ep ea ted  trea tm en t o f  
th e  hydroxy compound (C) was t h e r e f o r e  p o s s i b l e ,  and an alm ost  
com plete co n v e rs io n  o f  hydroxy-ketone  (c) in t o  b e n z y lo x y -k e to n e  
(CXV) was rec o rd ed . The product (CXV) was h yd ro ly sed  u s in g  
aqueous e t h a n o l i c  sodium hydroxide and th e  r e s u l t i n g  in d o l in e  
(CXVl), o b ta in ed  in  e x c e l l e n t  y i e l d ,  was dehydrogenated by t r e a t ­
ment w ith  a c t iv e  manganese d io x id e  i n  m ethylene c h lo r id e .  The 
impure product was sep ara ted  from i n s o lu b l e  po lym eric  m a te r ia l  
and chromatographed on s i l i c a  g e l ;  e l u t i o n  w ith  ch loroform  gave  
th e  r eq u ire d  6 -b e n z y lo x y - 5 - o x o - l , 3 , 4 , 5 - i© ira h y d r o b e n z [c ,d ]  in d o le
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( CXVII) in  s a t i s f a c t o r y  y i e l d .  A sample of t h i s  m a te r ia l  was 
r e a d i ly  debenzy la ted  to  th e  hydroxy-ketone (CIX) by hydrogenation  
i n  methanol u s in g  pa llad ium -on-carbon  c a t a l y s t .
OH O
C H cC O N
C
OH O
GHcC H20  O 
*
C6H5CON —
CXV
CIX
HN
CXVII
HN
CXV1
NOH
HN
cxvm
fig. 22
Treatm ent o f  6-b en zy lo x y -5- o x o - l ,35 4>5-i:e trahydrobenz [ c ,d j -  
in d o le  w ith  amyl n i t r i t e ,  and subsequent in  s i t u  re d u c t io n  w ith  
z in c  and a c e t i c  a c id ,  and a c e ty l a t i o n  gave a crude p roduct which 
possessed  f iv e  d i s t i n c t ,  s t ro n g  in f r a r e d  a b so rp tio n  maxima in  
th e  l650-l800cm . ^ region* Thin l a y e r  chromatography in d ic a te d  
t h a t  t h i s  dark  o i l  was a complex m ix tu re ,  and re p e a te d  column 
chromatography f a i l e d  to  g ive any s a t i s f a c t o r y  s e p a ra t io n .  No 
m a te r ia l  p o sse ss in g  an i n f r a r e d  spectrum c o n s is te n t  w ith  t h a t  o f  
th e  r e q u ire d  4-a c e ta m id o -6-b en zy lo x y -5- o x o - l , 3?4 >5- i eirah y d ro b en z -  
[ c ,d ] in d o le  could be d e te c te d .  D i f f i c u l t i e s  were a lso  experienced  
in  a t tem p ts  to  sy n th e s ise  th e  re q u ire d  amino-ketone b y .re a r ra n g e ­
ment o f  th e  p - to s y l  d e r iv a t iv e s  of  6 -hydroxy-5-oxo-l,3> 4>5-‘te i3C,a -  
hydrobenz£c ,d ]indo le  oxime (CX) and th e  6-benzyloxy d e r iv a t iv e
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(CXVIII). Although, t h i s  approach was s u c c e s s fu l ly  employed by
-j O -j
Woodward and h i s  co-workers f o r  th e  convers ion  o f  1-ben zo y l—
5- o x o - l , 2 , 2a , 3>45 5 -h ex ahydrobenz[c ,d ]indo le  oxime (CXIX) in to  th e  
correspond ing  amino-ketone (CXX), i t  was com pletely  u n s a t i s f a c to r y  
f o r  the  u n p ro tec ted  in d o le  d e r iv a t iv e s  o f  th e  p re s e n t  work* The
NOH O
CXXCXIX
fig . 2 3
oximes were p rep a red  in  th e  usua l manner w ith  hydroxylamine hydro­
c h lo r id e ,  but a t tem p ts  to  convert th e se  in to  t h e i r  p - to s y l  d e r iv ­
a t iv e s  by tre a tm e n t w ith  p - to lu en e su lp h o n y l c h lo r id e  gave s o l id s  
which could no t be p u r i f i e d  by c r y s t a l l i s a t i o n  and which, from 
in f r a r e d  ev idence , appeared to  c o n ta in  l i t t l e ,  i f  any, in d o l i c  
m a te r ia l .  A ttempts to  re a r ra n g e  th e  impure t o s y l a t e  w ith  p o ta s s ­
ium e th o x id e , were u n su c c e s s fu l ;  no p ro d u c ts  p o sse ss in g  a k e to  
fu n c t io n  o r  an i n d o l i c  N-H group were i s o l a t e d .
The d i f f i c u l t i e s  which were encountered  in  th e  p re p a ra t io n  
of  th e se  te trah y d ro b e n z  [c ,d ] in d o le  d e r iv a t iv e s  and which le d  to  
th e  even tua l abandonment o f  a t tem p ts  to  sy n th e s is e  th e  6-hydroxy- 
4-amino analogue (XLl) i l l u s t r a t e  the  very  l a b i l e  n a tu re  of  the  
u n p ro tec ted  te tra h y d ro b e n z £ c ,d  in d o le  system under a v a r i e ty  o f  
c o n d i t io n s .  O xidation  to  deep ly  co loured  and f r e q u e n t ly  amorphous 
p ro d u c ts  and rearrangem ent to  naph tha lene  d e r iv a t iv e s  seem to  be 
two p a r t i c u l a r l y  favoured p ro c e s se s .  The Successfu l sy n th e s is  o f  
4- a m in o - l ,3 >4 j 5- te tra h y d ro b e n z  [c,d] in d o le  (L) from the  correspond­
in g  am inonaph thos ty ril  by Gould and Ja c o b s , ^ 6  however, i n d ic a t e s
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t h a t  th e  in te rm e d ia te  s ta g e s  in  th e  p r e p a ra t io n  o f  4-am ino-6-  
hyd ro x y -1 ,3>4>5-tetrahydrobenz [c,d] in d o le  (XLl) might be b e t t e r  
c a r r i e d  out on a s u i t a b ly  s u b s t i tu t e d  naph tha lene  d e r iv a t iv e  
which could be reduced to  th e  re q u ire d  te tra h y d ro b e n z  [c ,d ] in d o le  
i n  th e  f i n a l  s tag e  of the  r e a c t io n  sequence. A re -ex am in a tio n  
o f  th e  p o s s i b i l i t y  o f  u s in g  a s u i t a b ly  3 >5- d i s u b s t i t u t e d - 8-am ino- 
naph tho ic  ac id  would th e r e fo r e  be cons idered  as th e  nex t w orth­
w hile  s te p  towards the  s y n th e s is  o f  t h i s  compound. An i n t e r e s t i n g
p aper, in  t h i s  r e s p e c t ,  has r e c e n t ly  been p u b lish ed  by G ira rd e t  
2l 6and Russo in  which 5-hydroxynaphthoic ac id  i s  converted  in to ' 5 -  
hydroxy-8-am inonaphthoic a c id ;  an a d d i t io n a l  3- s u b s t i t u e n t  
capable o f  conversion  in to  an amino group would make a very  
v a lu a b le  in te rm e d ia te .
S y n th es is  o f  D e r iv a t iv e s  o f  T e trah v d ro ca rb azo le
Although a v a r i e t y  of  amino- and hydroxy- s u b s t i tu t e d  t e t r a -
hydrocarbazo les  have been r e p o r te d  in  th e  l i t e r a t u r e  and many
te s t e d  f o r  pharm acological a c t i v i t y ,  none p o sse ss in g  a s t r u c t u r e
d i r e c t l y  r e l a t e d  to  th e  5- ^  u n i t  appear to  have been sy n th e s is e d .
3 -A m in o -l ,2 ,3 > 4 -ietrah y d ro c a rb a z o le  (CXXI) which la c k s  th e  6-
hydroxyl group and th u s  i s  a tryp tam ine  analogue, has been p re p -
217ared  and shown to  p o sse ss  MAO i n h ib i to r y  a c t io n .  6-A m in o te tra -
hydrocarbazo le  (CXXIl) and i t s  d e r iv a t iv e s  have been sy n th e s is e d
218by Woolley and Shaw as a n t im e ta b o l i te s  o f  5-HT. l-A m ino-6-
m ethoxy-1 ,2 , 3 > 4 -te tra h y a ro c a rb a z o le  (CXXIIl), o f  i n t e r e s t  because
of i t s  s t r u c t u r a l  s i m i l a r i t y  to  th e  ph arm aco lo g ica lly  a c t iv e  5-
219methoxytryptam ine has a lso  r e c e n t ly  been p rep ared , but i t s  
pharm acological p r o p e r t i e s  do not appear to  have been examined.
P re p a ra t io n s  o f  6-h y d ro x y - l ,2 , 3?4- te t r a h y d ro c a rb a z o le  (GXXIV)
220in c lu d e  those  o f  Teuber by h y d ro x y la tio n  o f  th e  co rrespond ing  
hexahydrocarbazo le ; o f  B eer, B roadhurst and Robertson221 by de—
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benzyl a t io n  o f  th e  6-benzyloxy compound; and of Milne and 
222Tomlinson who, u s in g  p y r id in e  h y d ro ch lo r id e ,  dem ethylated  6* 
m e th o x y - l ,2 ,3 > 4 - te tra h y d ro c a rb a z o le .  L i t t l e  has been r e p o r te d  
concern ing  th e  pharm acological a c t i v i t y  o f  t h i s  substance*
NH2
CXXI cxxn
c h 3o
cxxni
HO
CXX1Y
The most commonly employed procedure  f o r  th e  s y n th e s is  o f
th e  te t ra h y d ro c a rb a z o le  system makes use of th e  F is c h e r  in d o le  
223r e a c t io n ;  a s u i t a b ly  s u b s t i tu t e d  phenylhydrazine  i s  condensed
w ith  a cyclohexanone d e r iv a t iv e  and th e  p roduct c y c l i s e d  under
ac id  c o n d i t io n s .  A s u i t a b ly  p a r a - s u b s t i tu t e d  phenylhydrazine and
a cyclohexanone b e a r in g  a 4- s u b s t i t u e n t ,  which could r e a d i ly  be
converted  i n to  an amino group, were th e r e f o r e  r e q u ire d  i f  t h i s
method was to  be ap p lied  to  the  p r e p a ra t io n  o f  3-&niino-6-hydroxy-
1 , 2 , 3 ? 4 - te tra h y d ro c a rb a z o le  (X L Il) .  C y c l is a t io n  o f  th e  mono p -
methoxy- o r  p-benzyloxy-phenylhydrazone o f  c y c lo h e x a n - l ,4-d ione
to  g ive a 3- o x o - l , 2 , 3 >4- te t r a h y d ro c a rb a z o le  was cons idered  i n i t i a l l y
as a ro u te  to  th e  re q u ire d  3-a s i in o - te tra h y d ro c a rb a z o le  b u t ,
a l though  su c c e s s fu l  analogous approaches have been made to  1-
224and 4- o x o - l , 2 , 3 >4- te t r a h y d ro c a rb a z o le s  th rough  c y c l i s a t io n  of  
th e  co rrespond ing  monophenylhydrazones o f  cyclohexan-1 , 2-  and - 1 ,
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3-d io n e s ,  t h i s  method could .not he s u c c e s s fu l ly  a p p l ie d  to  th e
s y n th e s is  o f  th e  co rrespond ing  3-oxo compound* U nlike cyclohexan-
1 , 2-  and - 1 , 3-d io n e ,  th e  1 , 4-d io n e  does no t form a monophenyl-
hydrazone "but on t re a tm e n t w ith  one e q u iv a le n t  o f  pheny lhydrazine
225y ie ld s  a m ix ture  o f  d ihydrazone and u n reac ted  s t a r t i n g  m a te r ia l#  
C y c l is a t io n  o f  th e  dihydrazone in  s u lp h u r ic  ac id  has "been shown 
to  y ie ld  some 3-o x o ^ te trah y d ro c a rb a z o le  as a minor product- by 
c leavage o f  one C=H bond bu t th e  method i s  no t o f  p r a c t i c a l  a p p l ic ­
a tion#  A s u b s t i tu t e d  cyclohexanone p o s s e s s in g  a p r o te c te d  4 -k e to
group, o r  a 4- s u b s t i t u e n t  capable o f  b e in g  converted  in to  a k e to
225fu n c t io n ,  was th e r e f o r e  r e q u i r e d .  Harley-Mason and P av r i  have
p rep ared  3-h y d ro x y - l ,2 , 3 ) 4- te t r a h y d ro c a rb a z o le  by c y c l i s a t i o n  o f
th e  phenylhydrazone o f  4-benzoyloxycyclohexanone fo llow ed by
h y d ro ly s is  o f  th e  3-benzoyl fu n c t io n ,  bu t th ey  r e p o r te d  t h a t  a l l
a t tem p ts  to  o x id is e  t h i s  hydroxy group to  th e  k e to  fu n c t io n  were
unsuccessfu l#  Hone o f  th e  c o n d i t io n s  o r  re a g e n ts  employed i n  th e se
a t tem p ts ,  however, were r e p o r te d ,  and as th e re  are  examples o f  th e
o x id a tio n  o f  s u b s t i tu t e d  cyc lohexano ls  to  th e  co rrespond ing  cy c lo -
226hexanones in  th e  l i t e r a t u r e ,  i t  was cons idered  w orthwhile to  
re-exam ine t h i s  o x id a t io n .
4-Acetoxycyclohexanone (CXXV), which has been o b ta in ed  in  good
227y ie ld  by A ld e rs le y ,  B urkhardt and t h e i r  co-w orkers, was s e le c te d  
as th e  s t a r t i n g  m a te r ia l  f o r  t h i s  p re s e n t  sy n th es is#  Cyclohexan- 
1 , 4- d i o l  was d ia c e ty la t e d ,  s e l e c t i v e l y  hydro lysed  to  th e  m ono-aceta te , 
and th e  newly genera ted  hydroxyl group o x id ise d  w ith  chromic ac id  
to  g ive th e  r e q u ire d  acetoxy-ke tone  (CXXV).
p-Benzyloxyphenylhydrazine h y d ro ch lo r id e  (CXXVl) was chosen
i n  p re fe re n c e  to  p-m ethoxyphenylhydrazine as th e  second component
of th e  F isc h e r  r e a c t io n  as i t  was apparen t from th e  work o f  Beer,
221B roadhurst and. Robertson th a t  th e  6 -h y d ro x y - l ,2 ,3 > 4 - te t ra h y d ro -  
ca rb azo le  would be more e f f i c i e n t l y  o b ta in ed  by d eb e n zy la tio n
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th a n  by dem ethylation* The hydrazine  was p repared  as the  hydro­
c h lo r id e  (CXXVl) accord ing  to  th e  method o f  M entzer, Beaudet and 
228Bory; p -benzy loxyn itrobenzene , p rep a red  by th e  a c t io n  o f  
benzyl c h lo r id e  upon p -n i t ro p h e n o l ,  was reduced u s in g  Raney n ic k e l  
and hydrazine hyd ra te  to  th e  amine, which was subsequen tly  d i a z o t -  
i s e d  and f u r t h e r  reduced w ith  stannous c h lo r id e  to  th e  re q u ire d  
pheny lhydrazine hy d ro ch lo r id e  ( CXXVl).
p-Benzyloxyphenylhydrazine h y d ro ch lo r id e  ( CXXVl), on r e f l u x -  
in g  w ith  4-acetoxycyclohexanone (CXXV) i n  g l a c i a l  a c e t i c  ao id  
c o n ta in in g  sodium a c e ta te ,  gave th e  re q u ire d  ace toxy-benzy loxy-1 , -  
2 ,3 > 4 - te tra h y d ro ca rb a z o le  (CXXVIl). H ydro ly s is  o f  th e  3 -ace toxy  
group, u s in g  aqueous e th a n o l ic  sodium hydroxide gave, i n  almost 
q u a n t i t a t iv e  y i e ld ,  6-b e n z y loxy-3-hydroxy-1 , 2 , 3 , 4- te t r a h y d r o c a r b -  
azo le  (CXXVIIl). C o n s is te n t w ith  th e  d i f f i c u l t i e s  experienced  by
o  c 6 h 5c h 2o
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225Harley-Jiason and P av r i  i n  th e  o x id a t io n  o f  3 -hydroxy-1 , 2 , 3 , 4 -
te t ra h y d ro c a rb a z o le ,  i n i t i a l  i n v e s t i g a t io n s  in to  the  o x id a t io n  of,
th e  6-benzyloxy analogue (CXXVIIl) a lso  f a i l e d .  However, a f t e r
se v e ra l  u n su c cess fu l  a t tem p ts  th e  hydroxy compound (CXXVIIl) was
o x id ised  smoothly and in  a s a t i s f a c t o r y  y i e ld  to  th e  ke tone (CXXIX)
226u s in g  aluminium isopropox ide  and cyclohexanone in  to lu e n e .
229Very r e c e n t ly ,  Teuber and h i s  co-workers a lso  f a i l e d  to  o x id is e  
3-hydroxy-1 , 2 , 3 >4- te t r a h y d ro c a rb a z o le  to  th e  co rrespond ing  k e to n e ;  
under t h e i r  c o n d i t io n s  th e  hydroxycarbazole and unchanged s t a r t i n g  
m a te r ia l  were i s o l a t e d .
Treatm ent o f  th e  ke tone ( CXXIX) w ith  hydroxylamine h y d ro ch lo r id e  
and sodium a c e ta te  in  aqueous e th an o l gave th e  oxime (CXXX) which 
was reduced to  th e  benzyloxy-amine (CXXXl) u s in g  l i th iu m  aluminium 
hydride  i n  e t h e r .  The H -a ce ty l d e r iv a t iv e ,  formed by th e  a c t io n  
o f  a c e t i c  anhydride upon CXXXI, and th e  h y d ro ch lo r id e , p r e c i p i t ­
a ted  in  e th e r  by tre a tm en t o f  CXXXI w ith  hydrogen c h lo r id e ,  were 
p repared  f o r  th e  purposes o f  c h a r a c t e r i s a t i o n .  D ebenzy la tion  o f  
3 -a m in o -6 -b e n z y lo x y - l ,2 ,3 ,4 - te tra h y d ro c a rb a z o le  ( CXXXI) in  almost 
q u a n t i t a t iv e  y i e ld  was e f f e c te d  by hydrogenation  a t  a tm ospheric  
p re s su re  in  methanol u s in g  pallad ium  on carbon as c a t a l y s t .  D i f f ­
i c u l t i e s  were encountered  i n  th e  r e c r y s t a l l i s a t i o n  o f  th e  3-am ino-
6- h y d ro x y - l ,2 , 3 >4- te t r a h y d ro c a rb a z o le  (X LII); a lthough  i t  could 
be r e o r y s t a l l i s e d  i t  darkened qu ick ly  on h e a t in g  i n  most s o lv e n ts .
I t  was, however, r e a d i ly  p u r i f i e d  by f r a c t i o n a l  su b lim a tio n , and 
appeared to  be s ta b le  in  an atmosphere o f  n i t ro g e n .
S y n th es is  o f  D e r iv a t iv e s  o f  CyclopentEb] in d o le
The ro u te  chosen to  3 -a m in o -7 -h y d ro x y - l ,2 ,3 ,4 - te t r a h y d ro c y c lo -  
pen t[b] in d o le  (XLVIIl) was t h a t  shown in  f i g .  25 and in v o lv ed  th e  
p re p a ra t io n  o f  two known in te rm e d ia te s ,  th e  p-methoxyphenylhydrazone 
(CXXXIIl) and th e  c y c l i s a t i o n  product (CXXXIV). These were p repared
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189by Renson x d u r in g  h i s  in v e s t i g a t io n  in to  th e  mode o f  c y c l i s a t i o n
o f  p> - ( 5-n ie thoxyindo l-3- y l ) - p r o p io n ic  a c id ,  by an a d a p ta t io n  o f
230th e  method d e sc r ib ed  by E lk s ,  E l l i o t  and Hems f o r  th e  s y n th e s is  
o f  3 -o x o - l ,2 ,3 > 4 - te tra h y d ro c y c lo p e n t  [b] in d o le .  The mono p-methoxy- 
phenylhydrazone ( CXXXIIl), p rep a red  by a Japp-Klingermann r e a c t io n  
u s in g  p-methoxyphenyldiazonium c h lo r id e  (XCIIl) and cyclopentanone 
(CXXXIl) i n  th e  p resence  o f  e th y l  form ate and sodium e th o x id e ,  was 
c y c l i s e d  to  th e  cyc lopent[b] in d o le  (CXXXIV) in  r e f lu x in g  aqueous 
su lp h u r io  a c id .  Although th e  c o n d i t io n s  employed f o r  th e  p re p a r ­
a t io n  o f  th e  p-methoxyphenylhydrazone ( CXXXIIl) and th e  ketone
— 189 
(CXXXIV) were th e  same as th o se  d e s c r ib e d  by Renson, and more­
over, a l though  th e  m e lt in g  p o in t s  corresponded to  th o se  r e p o r te d  
by t h i s  a u th o r ,  some doubt arose  concern ing  th e  a u t h e n t i c i t y  o f  
th e  ketone ( CXXXIV) s in c e  th e  i n f r a r e d  d a ta  reco rded  by us f o r  
t h i s  compound was no t c o n s is te n t  w ith  t h a t  in  th e  l i t e r a t u r e .
Renson r e p o r te d  equal maxima a t  3490 and 1 7 5 0 c m . w h i c h  he a t t r i b ­
u ted  to  th e  in d o le  N-H and th e  3 -ke to  fu n c t io n  r e s p e c t iv e ly ,  whereas
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our specimen o f  t h i s  ke tone showed weak ab so rp tio n  a t  3480cm. 
a t t r i b u t a b l e  to  the  in d o le  N-H and a co n s id e rab ly  s t ro n g e r  abso rp ­
t i o n  a t  1675c m . a s c r i b a b l e  to  th e  carbonyl s t r e t c h in g  mode. 
However, an a ly se s  o f  th e  p-methoxyphenylhydrazone (CXXXIIl), th e  
ketone (CXXXIV), and th e  p ro d u c ts  o f  l a t e r  s ta g e s  i n  th e  r o u te ,  
in d ic a te d  t h a t  th e  k e to n ic  m a te r ia l  p rep ared  by us d id  have th e  
r e q u ire d  s t r u c t u r e .
189 230In  agreement w ith  th e  r e p o r t s  of e a r l i e r  workers i n v e s t ­
i g a t i n g  t h i s  system, th e  c y c l i s a t io n  o f  th e  p-m ethoxyphenylhydra- 
zone (CXXXIIl) occurred  in  a low and v a r ia b le  y i e l d .  T h is  v a r i a t i o n  
in  y i e ld  from one c y c l i s a t i o n  r e a c t io n  to  ano ther  on th e  same 
m a te r ia l  was, alm ost c e r t a in ly ,  due to  th e  d i f f i c u l t i e s  a s s o c ia te d  
w ith  d u p l ic a t in g  th e  r e a c t io n  c o n d i t io n s  of th e  he terogeneous 
system. An a ttem p t to  improve t h i s  s i t u a t i o n  by th e  a d d i t io n  o f  
e th an o l to  re n d e r  th e  m ix ture  homogenous was u n su c c e s s fu l ,  as  were 
s im i la r  a t tem p ts  u s in g  a wide range o f  a c id s  and s o lv e n ts .  L ess 
a c id ic  s o lv e n ts ,  such as g l a c i a l  a c e t i c  ac id  and d i l u t e  m inera l 
a c id s  were i n e f f e c t i v e  and m ainly unchanged s t a r t i n g  m a te r ia l  was 
recovered , whereas more fo rc in g  c o n d i t io n s  employing phosphoric  
a c id  and more co n cen tra ted  m inera l a c id s  gave predom inantly  decomp­
o s i t i o n  p ro d u c ts .  Prolonged r e a c t io n  a lso  f re q u e n t ly  le d  to  
decom position p ro d u c ts .
j Because o f  th e  p e r s i s t e n t l y  low y i e ld s  experienced  in  th e  
c y c l i s a t io n  o f  th e  phenylhydrazone o th e r  r o u te s  to  th e  c y c lo p e n t-  
[b] in d o le  system, such as in t r a m o le c u la r  a c y la t io n  o f  (?>-(5-  
m ethoxyindol-3- y l ) -p ro p io n ic  ac id ,  and a Dieckmann c y c l i s a t io n  o f  
e th y l  (J-(2-ethoxycarb<D m yl-5-m ethoxyindol-3-y l)-propionate , were 
co n s id e red . However, a t tem p ts  by o th e r  workers to  employ th e se  
r e a c t io n s  i n  th e  non-m ethoxylated s e r i e s  would in d ic a t e  t h a t  th e s e  
approaches would be even l e s s  e f f i c i e n t  th an  th e  c y c l i s a t io n  o f
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th e  phenylhydrazone ( CXXXIIl). The l a t t e r  p rocedure was th e r e fo r e  
r e t a in e d  f o r  th e  p r e p a ra t io n  of th e  k e to  in te rm e d ia te  ( CXXXIV)*
The ketone (CXXXIV) was extrem ely  r e s i s t a n t  to  oxim ation; 
tre a tm en t w ith  hydroxylamine h y d ro ch lo r id e  in  r e f lu x in g  p y r id in e  
f o r  30hr* was n ec essa ry  to  e f f e c t  th e  convers ion , and even under 
th e se  fo rc in g  c o n d i t io n s  2056 unchanged s t a r t i n g  m a te r ia l  was recov­
ered  from th e  product* T h is  was reoyo led  and a h igh  y i e ld  o f  th e  
oxime (CXXXV) was e v e n tu a l ly  o b ta in ed . Reduction o f  th e  oxime in  
dry  te t ra h y d ro fu ra n  u s in g  l i th iu m  aluminium hydride gave th e  s ta b le
3-am ino-7-m ethoxy-l,2 ,3 > 4 - te t r a h y d ro c y c lo p e n t [b ] in d o le  ( CXXXVI) .  
A ttempts were made to  dem ethylate  t h i s  m a te r ia l  to  th e  re q u ire d
on c  o'i.’i
hydroxy—amine (XLVIII), u s in g  hydrobromio a c id ,  ’ aluminium
209 232c h lo r id e  in  a v a r i e ty  o f  s o lv e n ts ,  and p y r id in e  hy d ro ch lo r id e
bu t th e se  r e s u l t e d  in  in s o lu b le  b lack  t a r s  devoid o f  i n f r a r e d
ab so rp tio n  in  th e  3470cm. ^ reg io n  c h a r a c t e r i s t i c  o f  th e  in d o l i c
N-H* The most prom ising  r e s u l t s  were o b ta in ed  by tre a tm e n t  o f  th e
methoxy-amine ( CXXXVI) w ith  boron t r ib ro m id e  in  methylene c h lo r id e
a t  - 80; ^ ^  a c r y s t a l l i n e  s o l i d  having th e  chemical p r o p e r t i e s  to
be expected  o f  a hydroxy—.amine was i s o l a t e d  but th e  y ie ld  was
ex trem ely  low and could no t be in c re a se d  s u f f i c i e n t l y  to  make
c h a r a c te r i s a t i o n  o f  th e  p roduct p o s s ib le .
To overcome th e  problems a s s o c ia te d  w ith  removal o f  th e  methyl 
group a t tem p ts  were made to  p rep a re  3-am ino-7- b e n z y lo x y - l ,2 , 3>4-  
te t ra h y d ro c y c lo p e n t[b ] in d o le  which, i t  was th o u g h t,  would r e a d i ly  
undergo d eb en zy la tio n  on hyd rogenation . T h is  approach, however, 
was no t o f  p r a c t i c a l  a p p l ic a t io n  owing to  th e  ex trem ely  low y ie ld  
o b ta in ed  on c y c l i s a t io n  o f  th e  mono p-benzyloxyphenylhydrazone o f  
o y c lo p e n ta n -1 ,2-d io n e .  I n s u f f i c i e n t  o f  th e  re q u ire d  7-b©nzyloxy-
3- o x o - l , 2 , 3 , 4- te t r a h y d ro c y c lo p e n t [b ] in d o le  could be p rep ared  to  
con tinue  w ith  t h i s  r o u te .
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Owing to  th e  d i f f i c u t i e s  encountered  d u r in g  a t tem p ts  to  
p rep a re  the  u n p ro tec ted  3-am ino-7-h y d ro x y - l , 2 , 3>4- te t r a h y d r o c y c lo -  
p e n t[b ] in d o le  (XLVIIl), o r ig in a l  p la n s  to  sy n th e s is e  th e  c o r r e s ­
ponding 2-amino d e r iv a t iv e  (X LIIl)  were abandoned.
Comments Concerning th e  S y n th es is  of Other 5-HT Analogues o f  th e  
S e r ie s
E a r ly  u n su ccess fu l  a t tem p ts  to  p rep a re  the  b ic y c lo [ 2 ,2 , l ]  ;■=
O  “X A
h e p ta n [b ] in d o le  (XLV) were modelled upon th e  r e p o r te d  c y c l i s ­
a t io n  o f  th e  phenylhydrazone o f  camphor in to  th e  cam phor-indole
(CXXXVIl). The F is c h e r  i n d o l i s a t i o n  employed in  t h i s  s y n th e s is ,
235however, has r e c e n t ly  been shown ^ to  give th e  2- s u b s t i t u t e d  
in d o le  (CXXXVIIl) and not th e  claimed cam phor-indole. S y n th e t ic  
work towards th e  b io y c l0^2 . 2 . ! ]  h e p ta n [b ] in d o le  was th e r e f o r e
NH.
X L V CXXXVI1 cxxxvin
d isc o n tin u e d  a f t e r  t h i s  o b se rv a tio n  was p u b lish ed  as an e n t i r e l y  
new approach to  th e  b r id g ed  system would have been r e q u i r e d .
No attem pt was made to  p rep a re  th e  c y c lo b u ta n - in d o le  (XLIV) 
o r  th e  cy c lo p en t[c ,d ]  in d o le  (XLVI) as i t  was thought t h a t  th e  
syn theses  of th e se  s t e r i c a l l y  s t r a in e d  compounds would be 
accompanied by even g r e a t e r  s y n th e t ic  d i f f i c u l t i e s  th an  those  
encountered d u r in g  th e  sy n th eses  o f  th e  b e n z [c ,d ] in d o le  d e r iv a t i v e s .  
These compounds were a lso  cons idered  to  be of  l e s s  pharm acological 
i n t e r e s t  than  th e  LSD-like b e n z [c ,d ] in d o le s .  An approach which 
might fu rn is h  th e  cyclobutene d e r iv a t iv e  (XLIV), however, would
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be one based upon th e  su c c e s s fu l  s y n th e s is  o f  1-am inobenzocyclo-
o\f\
butene (CXXXIX) by Skorcz and Robertson* T his  s y n th e s is  was
237based on th e  p rocedures  o f  Bunnett and Skorcz and o f  H om er, 
238Kirmse and Muth and employed 2-ch lo rocyanoethy lbenzene  as the  
s t a r t i n g  m a te r ia l*  Probably  th e  most convenient s t a r t i n g  p o in t  
f o r  th e  p re p a ra t io n  o f  the  cyc lo b u tan in d o le  (XLIV) would be 5 -  
benzyloxy-2- c h lo r o - 3-cy an oe thy lindo le*
EXPERIMENTAL
- 8 7 -
G e n e r a l . -  In fr a r e d  s p e c tr a  were measured in  chloroform  
s o l u t i o n s  ex ce p t  where o th erw ise  s t a t e d  w ith  a P erk in  Elmer 237 
in s tr u m e n t .  M e lt in g  p o in t s  are u n co rrec ted  and were reoorded on 
a K o f le r  h o t - s t a g e  ap p aratu s.
0 - ( l - B e n z o . y l i n d o I i n - 3 - 5 rl )-p ro p io n ic  Acid (L V II l ) . -  To a
so lu t io n  o f  |3 - ( in d o l-3 -y l  )-propion ic acid (25 £ • )  in  ft aqueous
239sodium hydroxide (150 m l.)  was added Raney n ic k e l  (50 g . )  and 
th e  m ixture shaken i n  an atmosphere of  hydrogen a t  a tm ospheric  
p re s su re  and room tem peratu re  u n t i l  no more hydrogen was absorbed 
(2 ,300 m l . ) .  D ec o lo u ris in g  cha rcoa l was used to  d e a c t iv a te  th e  
n ic k e l ,  and the  f i l t e r e d  s o lu t io n  made a c id ic  w ith  co n c en tra ted  
h y d ro ch lo r ic  a c id .  Unreacted p r e c i p i t a t e d  /3 - ( in d o l -3 -y l ) -p ro p ­
io n ic  ac id  ( l . 5  &•) was f i l t e r e d  o f f ,  and th e  f i l t r a t e  made b a s ic  
w ith  s u f f i c i e n t  co n cen tra ted  aqueous sodium hydroxide to  give an 
approxim ately  10$ sodium hydroxide s o lu t io n .  Benzoyl c h lo r id e  
(22 m l.)  was s low ly added to  the  cooled (0) b a s ic  s o lu t io n  and the  
m ixture shaken f o r  3 h r .  a t  room te m p era tu re .  A c id i f ic a t io n  o f  
t h i s  s o lu t io n ,  cooled to  0, w ith  co n c en tra ted  h y d ro ch lo r ic  ac id  gave 
a m ixture o f  impure p roduct and benzoic a c id .  A f te r  f i l t r a t i o n ,  
benzoic  ac id  was removed by re p e a te d  washing w ith  hot w ate r ,  and
th e  rem aining  s o l id  r e c r y s t a l l i s e d  from e th an o l to  give P - ( l -
0
b e n z o y l i n d o l i n - 3 - y l ) - p r o p io n ic  a c id  (24 £•> 7 2 $ ) ,  m .p. 152-153
( n t . , 1 8 3 151- 153) .
l -B e n z o y l -5 -o x o - l ,2 ,2 a ,3 i 4? 5 -hexahydrobenz[c ,d ]indo le  (LIX). -  
^ - ( l - B e n z o y l in d o l in - 3 - y l ) -p ro p io n ic  ac id  (30 g .)  was d is s o lv e d  in  
d i s t i l l e d  th io n y l  c h lo r id e  (50 m l.)  and th e  m ixture k ep t a t  room
o
tem pera tu re  f o r  30 min. and then  a t  50 f o r  a f u r th e r  30 min. A f te r  
d i s t i l l a t i o n  o f  excess th io n y l  c h lo r id e  a t  reduced p re s s u re ,  a 
s o lu t io n  o f  th e  impure ac id  c h lo r id e  in  dry  carbon d isu lp h id e  (55 nil.) 
was added dropwise over 45 min. to  a s t i r r e d  suspension  of anhydrous
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aluminium c h lo r id e  ( 62*5 g*) in- carbon d isu lp h id e  ( 450 &1*)
©
cooled  to  0 . When a d d i t io n  was com plete, th e  r e a c t io n  m ixture 
was allowed to  a t t a i n  room tem pera tu re  over 30 min* and then  r e f l ­
uxed w ith  con tinued  s t i r r i n g  f o r  a f u r t h e r  1 h r .  The complex 
formed was decomposed by the  a d d i t io n  o f  ic e  (125 g*)> co n cen tra ted  
h y d ro c h lo r ic  ac id  ( 62*5 ml*) and w ate r  (125 ml#) to  th e  s t i r r e d  and 
w e ll-c o o led  m ix tu re . Carbon d isu lp h id e  was removed a t  reduced 
p re s s u re ,  th e  o rgan ic  m a te r ia l  e x t ra c te d  in to  benzene, and th e  
benzene e x t r a c t ,  a f t e r  washing w ith  21? aqueous sodium hydroxide 
and w ate r ,  was d r ie d  over anhydrous sodium su lp h a te .  The .so lven t 
was d i s t i l l e d  a t  reduced p re s su re  and th e  re s id u e  r e c r y s t a l l i s e d  
from benzene to  g ive l-b en zo y l-5 -o x o -l ,2 ,2 a ,3 > 4 > 5 -h ex ah y d ro b en z-  
[c ,d ] in d o le  (24 g»> &5^)> m.p. I 46- I 48 ( l i t . , ^ ^  146-147)*
5 -0 x o - l ,2 ,2 a ,3 i4 »  5-hexahydrobenzCc,d1indole (LX). -  The benz- 
oyl d e r iv a t iv e  (LIX) was hydro lysed  as re p o r te d  in  th e  l i t e r a t u r e  
u s in g  a m ixture o f  g l a c i a l  a c e t i c  ac id  and co n c en tra ted  h y d ro ch lo r ic
ac id  to  g ive 5 - o x o - l ,2 , 2 a ,3 >4>5-hexahydrobenz[c,d] in d o le  in  80$
© 1 8 ^ 0
y ie ld ,  m.p. 124-126 ( l i t . ,  124-126).
5 - 0 x o - l ,3*4+5 - te trah y d ro b en z C c ,d ] in d o le  (LXI). -  The in d o l in e
d e r iv a t iv e  (LX) was dehydrogenated u s in g  a c t iv e  manganese d io x id e ^ ^
191acco rd ing  to  th e  method o f  Jansen , Johnson and S u rte es  to  give
©
5 - o x o - l ,3 94 > 5 -te tra h y d ro b e n z [c ,d ] in d o le  in  48$ y ie ld ,  m.p. 157-161 
( l i t . , 183 160-161).
t5,Q x o - l ,3 . 4 . 8- te t r a h y d ro b e n z [c ,d ] in d o le  Oxime (L X II) . -  5-0xo- 
l ,3 > 4 > 5 - te t ra h y d ro b e n z [c ,d ] in d o le  ( l  g .)  in  e thano l (30 m l.) ,w as  
h ea ted  under r e f lu x  w ith  a s o lu t io n  o f  hydroxylamine hyd ro ch lo r id e  
(0 .6  g .)  and anhydrous sodium a c e ta te  (1 .2  g .)  in  w ate r  (30 m l.)  
f o r  30 min. Much of th e  e th an o l was then  removed a t  reduced 
p re s su re  and th e  rem aining  s o lu t io n  poured onto ic e  and w ater (40 g . ) .  
The p r e c i p i t a t e d  oxime was f i l t e r e d  o f f ,  and a d d i t io n a l  oxime
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ob ta ined  by c o n c e n tra t io n  of the  f i l t r a t e .  T h is  m a te r ia l  was r e ­
c r y s t a l l i s e d  from w ate r  to  give 5- o x o - l , 3 , 4 >5-te tra h y d ro b e n z  [ c ,d ] -  
in d o le  oxime (0 .8  g . , 12$),  m.p. 157-160 ( l i t . , ^ ^  I 67- I 69) (Founds 
C, 70 .7 ; H, 5 . 6 . C alc , f o r  N 0: C, 70 .9 ; H, 5-4JO*
5 -A m in o -l ,3 ,4 i5 - te trah y d ro b en zC c ,d 1 in d o le  (XLIX)• -  5 - 0 x o - l , -
3 , 4 , 5- te tra h y d ro b en z  [c ,d ] in d o le  oxime ( 1 .4  g . )  i n  dry  te t r a h y d r o -  
fu ran  (100 m l.)  was r e f lu x e d  w ith  l i th iu m  aluminium hydride  ( l »4 g . )  
\ f o r  7 h r .  Excess l i th iu m  aluminium hydride was decomposed by 
c a re fu l  a d d i t io n  of w a te r ,  th e  te t r a h y d ro fu ra n  removed a t  reduced 
p re s s u re ,  and th e  re s id u e  e x t ra c te d  w ith  e t h e r .  The e t h e r e a l '  
s o lu t io n  was washed w ith  w ater  and e x t ra c te d  w ith  d i l u t e  hydro­
c h lo r ic  a c id .  The a c id ic  s o lu t io n ,  a f t e r  n e u t r a l i s a t i o n  w ith  
co n cen tra ted  ammonia, was e x t ra c te d  w ith  e th e r ,  and the  e th e r e a l  
s o lu t io n  washed w ith  w ate r ,  d r ie d  over anhydrous sodium su lp h a te  
and evapora ted  to  d ry n ess .  C r y s t a l l i s a t i o n  of  the  re s id u e  from 
benzene gave 5-am ino-l , 3*4 *5- te tra h y d ro b en z  [c ,c j  in d o le  (0 .1  g . ,
8$ ) ,  m.p. 117-120* (Founds C, 76 .4 ; H, 6 . 8 . ^11^12^2 r e <lui r e s
C, 76 . 7 ; H, 7 .0 ^ ) ;  V m ax. 3495, 3430, 1610, 1585 cm. -1
The h y d roch lo ride  was formed by trea tm en t o f  an e th e r e a l  s o lu t ­
ion  o f  the  amine w ith  dry  hydrogen c h lo r id e ;  i t  was r e c r y s t a l l i s e d
0
from ethano l to  give c o lo u r le s s  p l a t e s ,  m.p. 168- 170.
Treatm ent of  a s o lu t io n  of  the  amine i n  p y r id in e  w ith  a c e t i c
anhydride gave th e  N -ace ty l d e r iv a t iv e  which was r e c r y s t a l l i s e d
0 —1 from benzene, m.p. 116- 118; V  max. 3495» 3330, 1635> 15^5 cm.
l-B e n z o y l-5 -h y d ro x y - l ,2 ,2 a ,3?4?5-hexahydrobenz [c,d] in d o le
(L X III) . -  The ketone (LIX) was reduced in  e thano l u s in g  sodium /
borohydride accord ing  to  th e  method o f  Woodward and h i s  co-work- 
183e r s ,  bu t c o n tra ry  to  the  o b se rv a tio n s  o f  th e se  au th o rs  a h ig h e r  
y i e ld  of  p roduct was i s o l a t e d  when no sodium hydroxide was added 
to  th e  r e a c t io n  s o lu t io n .  The product was r e c r y s t a l l i s e d  from 
e th y l  a c e ta te  to  give l - b e n z o y l - 5-h y d ro x y - l ,2 , 2a , 3 , 4 >5-h ex a -
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hydrobenz [c ,d ] in d o le  ( 8 .5  g* , 84$ )  , m.p. I 82- I 85 ( l i t . , ^ ^  182—
183).
1-Benzoyl- 1 , 2 , 2 a ,3- te tra h y d ro b e n z [c ,d ]  in d o le  (LXV) Thi s  
m a te r ia l  was p repared  v ia  l - b e n z o y l - 5-b ro m o - l ,2 , 2a , 3 , 4 >5- h ex a -  
hydrobenz [c ,d ] in d o le  (LXIV) from th e  hydroxy compound (LX IIl)  as
183a lre ad y  d esc r ib ed  by Woodward and h i s  co-w orkers. The use o f  
f iv e  tim es th e  volume of benzene in  th e  b rom ination  r e a c t io n  was 
the  only m o d if ic a t io n  made to  th e  re p o r te d  p rocedu re . E lim in a tio n  
o f  hydrogen bromide from the  bromo compound in  2 , 6- l u t i d i n e  gave 
th e  re q u ire d  1-benzoy l- 1 , 2 , 2a ,3 -te trahydrobenzL C ,d] in d o le  i n  73$
y ie ld  ( l i t . , 1 3 32$)» m.p. 96-98 ( l i t . , 183 95. 5- 96. 5°).
l-B en zo y l-4 ,  5 -ep o s :y - l ,2 ,2 a ,  3 ,4 ,  5-hexahydrobenz fc,d] in d o le  (LXVl). -
A s o lu t io n  o f  perbenzo ic  ac id  was p repared  and s ta n d a rd ise d  a g a in s t
241sodium th io s u lp h a te  accord ing  to  th e  method d esc r ib ed  by Braun. 
O xidation  o f  1-b en zo y l- 1 , 2 , 2 a ,3 - te t ra h y d ro b e n z [c ,d ] in d o le ,  u s in g  
t h i s  s o lu t io n  as d esc r ib ed  by Woodv/ard and h i s  co-w orkers, gave 
l - b e n z o y l -4 , 5- e p o x y - l ,2 , 2a , 3-,4 , 5--dexahydrobenz f*c,dlindole i n  83$
o 0
y ie ld ,  m.p. 99-106 ( l i t . ,   ^ IO4-IO 5) .
1-B enzoy l-4- o x o - l , 2 , 2a , 3 , 4 , 5-hexahydrobenz [ c ,d ] in d o le  (LXVIl). -  
The epoxy compound (LXVl) was rea rran g ed  u s in g  anhydrous magnesium 
bromide to  give 1-b e n z o y l-4- o x o - l , 2 , 2a , 3 , 4 , 5-dexahydrobenz [c,d] -  
in d o le  in  75$ y ie ld ,  m.p. 147-149 ( l i t . , ^ ^  147-149)•
l -B e n z o y l - 4 -o x o - l ,2 ,2a , 3 , 4 , 5 -hexahydrobenz[c ,d ]indo le  Oxime 
(LX V IIl). -  1-Benz o y l - 4 - o x o - l , 2 , 2 a ,3 ,4  > 5-hexahydrobenz[ c , d ] in d o le  
(2 g . ) d is s o lv e d  in  e thano l (80 m l.)  was h ea ted  under r e f lu x  w ith  
hydroxylamine h y d roch lo ride  (1 .2  g . ) and anhydrous sodium a c e ta te  
(2 .4  g » )  in  w ater  (20 m l.)  f o r  1 h r .  Much of th e  e thano l was 
removed a t  reduced p re s su re  and th e  rem aining  m ixture poured onto 
ic e  and w a te r .  The cream -coloured p r e c i p i t a t e  was f i l t e r e d  o f f ,  
washed, d r ie d ,  and r e c r y s t a l l i s e d  from e thano l to  give l - b e n z o y l - 4-
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o x o - l , 2, 2a, 3 » 4? 5-hexahydrobenz [ c , d] in d o le  oxime (l*5  g*> 71$) >
m.p. 169-172 (Found: C, 73*5; H,5*8. ^ i 8Hl 6^ 2^2 r e q u i r e s  C, 73*95;
H, 5 . 5$ ) ;  V  max. 3580, 3280, 1640, 1620, 1600 cm .-l
Attempted H ydro lysis  of l - B e n s o y l - 4 -o x o - l ,2 ,2a,3>4?5-hexa-  
h y d ro b en ^ [c ,d ] in d o le  Oxime (LX V IIl). -  Method A. A s o lu t io n  of th e  
benzoyl d e r iv a t iv e  (LXVIIl) (0 .4  g*) in  e thano l (15 m l.)  and 2N 
h y d ro ch lo r ic  ac id  (10 m l.)  was kep t a t  room tem peratu re  f o r  4 days, 
n e u t r a l i s e d  w ith  ammonia,, and th e  product i s o l a t e d  by e x t r a c t io n .
The in f r a r e d  spectrum of  the  n o n - c r y s ta l l in e  re s id u e  th u s  ob ta ined  
showed th a t  l i t t l e  h y d ro ly s is  o f  the  N-benzoyl fu n c t io n  had occurred , 
but an ab so rp tio n  maxima a t  1710 cm.“  ^ suggested  t h a t  th e  4-oxo- 
fu n c t io n  had been g en e ra ted .
Method B. The benzoyl d e r iv a t iv e  (LXVIIl) (0 .6  g .)  in  e thano l (12 m l.)  
was hea ted  under r e f lu x  w ith  2N sodium hydroxide (6 m l . ) ,  and samples 
taken  a t  r e g u la r  i n t e r v a l s .  The m a te r ia l  was i s o l a t e d  by e x t r a c t io n  
and the  in f r a r e d  s p e c t r a  p rep a red . H ydro lysis  o f  the  4-oximino- 
fu n c t io n  appeared to  occur a t  a s im i la r  r a t e  to  the r e q u ire d  N- 
benzoyl c leavage , and no c r y s t a l l i n e  m a te r ia l  was i s o l a t e d .
4 -O x o - l ,2 , 2a ,3 » 4*5-hexahydrobenzrc»d]indole  (LXIX). -  1-Benzoyl-
4 -o x o -l ,2 ,2 a ,3 > 4 > 5 “ hexahydrobenz[c ,d ]indo le  ( l  g . )  d is s o lv e d  in  
g l a c i a l  a c e t i c  ac id  (10 m l.)  and co n c en tra ted  h y d ro ch lo r ic  ac id  
(3 m l.)  was g e n t ly  r e f lu x e d  under n i t ro g e n  f o r  2 .5  h r .  A f te r  
removal o f  the  a c id ic  m ixture a t  reduced p re s s u re ,  th e  re s id u e  
was e x t r a c te d  w ith  w ate r, th e  aqueous s o lu t io n  f i l t e r e d  under 
n i t ro g e n ,  and th e  f i l t r a t e  made b a s ic  w ith  aqueous ammonia and ex­
t r a c t e d  s e v e ra l  tim es w ith  e th e r .  The e th e r e a l  so lu t io n  was washed 
w ith  w ate r, d r ie d  over anhydrous sodium su lp h a te  and th e  e th e r  r e ­
moved a t  reduced p re ssu re  to  y i e ld  4 -o x o - l , 2 , 2a,3>4*5-hexahydro- 
b e n z [c ,d ] in d o le  (0 .25  g* > 40$), m.p. 138; "V max. 339°, 1710, 1620,
1600 cm. ^
T his  m a te r ia l  was very  u n s ta b le  in  the  a i r  and was th e re fo r e
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i s o l a t e d  and k ep t under oxygen-free  n i t r o g e n .  On exposure to
o
oxygen i t  decomposed to  an amorphous brown s o l id  ( m .p .> 350) which 
was in s o lu b le  i n  o rgan ic  s o lv e n ts .  Owing to  the  d i f f i c u l t i e s  a s s ­
o c ia te d  w ith  r e c r y s t a l l i s a t i o n  o f  t h i s  p roduct i t  was used f o r  th e  
nex t s tage  w ithou t f u r th e r  p u r i f i c a t i o n .
Attempted H ydro lysis  o f  l - B e n z o y l -4 -o x o - l ,2 ,2 a ,3?4»5-hexa- 
h y d ro b en z fc ,d ] in d o le  (LXVII). -  E a r l i e r  u n su ccess fu l  a t tem p ts  to  
c leave th e  M-benzoyl fu n c t io n  and to  i s o l a t e  th e  r e s u l t i n g  4-oxo- 
1 , 2 , 2 a ,3 j4> 5-hexahydrobenz[c ,d ]indo le  in c lu d ed :  th e  procedure
a l re a d y  o u t l in e d  f o r  th e  h y d ro ly s is  o f  th e  co rrespond ing  5-oxo 
compound, u s in g  g l a c i a l  a c e t i c  ac id  and h y d ro c h lo r ic  a c id ;  methods 
employing aqueous, e th a n o l ic ,  and aqueous e th a n o l ic  m ix tu res  o f  
h y d ro c h lo r ic  ac id  a t  room and e le v a te d  te m p era tu re s ;  and r e a c t io n s  
employing b a s ic  c o n d i t io n s ,  such as aqueous and e th a n o l ic  sodium 
hydrox ide . These r e a c t io n s ,  from i n f r a r e d  d a ta ,  e i t h e r  gave un­
changed s t a r t i n g  m a te r ia l  o r  r e s u l t e d  in  a complex m ixture  o f  
h ig h ly  coloured  decom position p ro d u c ts .
Attempted Dehydrogenation o f  4 -O x o - l ,2 ,2 a , 3 ,4»5-hexahydro­
benz [c ,d ] in d o le  (LXIX). -  Method A. 4 - 0 x o - l ,2 , 2 a ,3 ,4>5-hexahydro­
benz [c ,d J in d o le  (0 .2  g .)  in  methylene c h lo r id e  (6 m l.)  was shaken 
w ith  a c t iv e  manganese d i o x id e * ^  (0 .8  g .)  a t  room tem pera tu re  f o r  
24 h r .  The manganese d io x id e  was f i l t e r e d  o f f ,  e x t r a c te d  w ith  
methylene c h lo r id e ,  and th e  combined s o lu t io n  evapora ted  to  d ry n ess .  
The i n f r a r e d  spectrum o f  th e  re s id u e  was c o n s is te n t  w ith  impure 
s t a r t i n g  m a te r ia l  and in d ic a te d  t h a t  l i t t l e ,  i f  any, dehydrogenation  
had o ccu rred . There was l i t t l e  a b so rp tio n  a t  3495 cm. a t t r i b u t ­
ab le  to  th e  i n d o l i c  N-H. Under more v ig o ro u s  c o n d i t io n s  in f r a r e d  
s p e c t r a  showed t h a t  d e s t ru c t io n  of th e  4 -k e to  fu n c t io n  occurred  
b efo re  dehydrogenation  of th e  ^) double bond.
Method B. 4 - 0 x o - l ,2 ,2 a ,3 >4>5-hexahydrobenz[c ,d jindole  (0 .1  g .)  i n  
p-cymene (4 m l.)  was h ea ted  under r e f lu x  w ith  10$ pallad ium  on
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carbon (0 .1  g . ) f o r  1 h r ,  under n i t r o g e n .  The so lv en t was r e ­
moved a t  reduced p re s s u re ,  th e  r e s id u e  e x t r a c te d  w ith  benzene, and 
th e  benzene s o lu t io n  f i l t e r e d  f re e  o f  pallad ium  on carbon and 
evapora ted  to  d ry n ess .  The in f r a r e d  spectrum o f  th e  r e s id u e  (V max. 
1710, 1690, I 64O cm. po ssessed  no a b so rp tio n  a t  3495 cm.~^ a t t ­
r ib u ta b l e  to  th e  in d o l i c  N-H* The re s id u e  was in s o lu b le  in  d i l u t e  
ac id .
4-O x o - l12 , 2a ,39 4«5-hexahydrobenz[c ,d ]indo le  Oxime (LXXl). -  
A s o lu t io n  o f  4 -o x o -l ,2 ,2 a ,3 ,4 > 5 -h ex a h y d ro b en z [c ,d ]  in d o le  (0 .2 5  S •)) 
in  e th an o l (35 ml*) was r e f lu x e d  f o r  1*5 h r .  under n i t ro g e n  w ith  
hydroxylamine h yd roch lo ride  (0 .15  g*) and anhydrous sodium a c e ta te  
(0 .3  gO in  w ater  (5 m l . ) .  The e thano l was then  removed a t  reduced  
p r e s s u re ,  excess w ater  added, and th e  r e s u l t i n g  p r e c i p i t a t e  f i l t e r ­
ed o f f ,  washed, and d r ie d .  R e c r y s t a l l i s a t i o n  of  th e  p r e c i p i t a t e  
from methanol gave th e  hygroscopic  4-o x o -1 , 2 , 2a , 3 , 4 t 5-hexahydro-  
b e n z [c ,d ] in d o le  oxime (0 .17  S *> 63$), m.p. 150-153 (Found: C, 69*9;
H, 6 . 4 .  ch h12K2° re< u^ i r e s  c ’ 7°* 2 ’ H> 6-4$)> V  max. 35^0 , 3390, 
3280, 1620, 1600 cm. -1
4-Q x o - l ,3 * 4 , 5- te tra h y d ro b en z C c ,d ] in d o le  Oxime (LXXIl). -  4 - 0 x o -
I , 2 , 2a , 3 , 4 , 5-h ex ah y d ro b en z [c ,d ]in d o le  oxime ( 0 .68  g .)  i n  methylene 
c h lo r id e  (150 m l.)  was shaken w ith  a c t iv e  manganese d i o x i d e ^ ^
( 2 .8  g . ) f o r  25 h r .  The manganese d io x id e  was f i l t e r e d  o f f ,  ex­
t r a c t e d  w ith  methylene c h lo r id e ,  and th e  combined methylene c h lo r ­
id e  s o lu t io n  washed w ith  a c e t i c  ac id  th en  w ate r,  and d r ie d  over an­
hydrous sodium sulphate*  The so lv en t was removed a t  reduced p r e s s ­
ure to  y i e ld  a n o n - c r y s ta l l in e  u n s ta b le  re s id u e  which was k e p t
under n i t r o g e n .  The in f r a r e d  spectrum (Vm ax. 35^0, 34^0, 3260, 1620, 
i 600 cm.”^) was c o n s is te n t  w ith  t h a t  to  be expected  f o r  th e  r e q u i r ­
ed indo le-ox im e, bu t t h i s  could not be o b ta in ed  in  a c r y s t a l l i n e  
form; a l l  a t tem p ts  to  do so r e s u l t e d  in  th e  form ation  o f  a b la ck
o
in s o lu b le  amorphous s o l id  ( m .p . ,^ 350)« ^*he product was no t
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p u r i f i e d  bu t used d i r e c t l y  f o r  th e  nex t s ta g e  o f  th e  syn thes is*
Attempted P re p a ra t io n  of  4-A m ino-1 ,3 » 4 * 5 -te trah y d ro b en zfc ,d J-  
in d o le  (L ) . -  Impure 4 - o x o - l ,3*4*5 - i eirah y d ro b en z [c ,d ]  in d o le  oxime 
(0 .2  g . )  in  d ry  te t r a h y d ro fu ra n  (100 ml*) was hea ted  under r e f lu x  
w ith  l i th iu m  aluminium hydride  (0*3 g*) f o r  16 h r .  in  an atmos­
phere o f  n i t r o g e n .  A f te r  decom position o f  th e  excess  l i th iu m  
aluminium hydride w ith  w ater  th e  te t r a h y d ro fu ra n  was removed a t  
reduced p re s s u re ,  th e  r e s u l t i n g  m ixture e x t r a c te d  w ith  e th e r  and 
th e  e th e r e a l  s o lu t io n  washed w ith  w ate r ,  d r ie d  over anhydrous 
sodium su lp h a te  and evapora ted  to  d ryness  a t  reduced p ressure*  
During e x t r a c t io n  o f  the  p roduct th e  s o lu t io n s  were k ep t i n  an . 
atmosphere o f  n i t ro g e n  and th e  p ro d u c t,  when i s o l a t e d ,  was s to re d  
under n i t r o g e n .  The in f r a r e d  spectrum (Vm ax. 3480, 3300, 1620, 
1600 cm. in d ic a te d  t h a t  th e  re s id u e  con ta ined  a s u b s t a n t i a l  
q u a n t i ty  o f  th e  r e q u ire d  amino product bu t t h i s  could no t be 
p u r i f i e d .  I t  was th e re fo r e  d is s o lv e d  in  a m ixture o f  benzene and 
e th e r  and, by tre a tm en t w ith  dry  hydrogen c h lo r id e ,  converted  i n to  
th e  h y d ro ch lo r id e . The w hite  p r e c i p i t a t e  was c e n tr i fu g e d  and 
washed se v e ra l  tim es w ith  e th e r  and d r ie d  a t  reduced p r e s s u re .  
I n s u f f i c i e n t  m a te r ia l  was o b ta in ed  f o r  complete c h a r a c t e r i s a t i o n ,  
m.p. 200-212 (decomp.) ( l i t . , ^ * ^  m.p. 215- 222) .
A c e ty la t io n  o f  th e  impure amine in  p y r id in e  u s in g  a c e t i c  an­
hydride  gave a n o n - c r y s ta l l in e  p roduct which had an in f r a r e d  
spectrum (Vm ax. 3480, 3430, 1660, 1600 cm. ^) in d i c a t in g  t h a t  i t  
was th e  impure N -ace ty l d e r iv a t iv e  o f  th e  re q u ire d  amine.
l-B en zo y l-4 -b ro rao -5 -o ^o -l»2 ,2 a ,3»4♦5-hexahydrobenz[ c, d ]in d o le  
(IXXVI). -  T h is  m a te r ia l  was p rep ared  by th e  brom ination  of  1 -benz-  
o y l - 5- o x o - l , 2 , 2a ,35 4 *5--kexahydrobenz [ c ,d ] in d o le  u s in g  p y r id in e  
hydrobromide perbromide acco rd ing  to  th e  method d e sc r ib e d  by Wood­
ward and h i s  co -w o rk e rs .183 Y ield  76^ ,  m.p. I 8I - I 8I .5  ( l i t . , 1^
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180.5-181.5°); v  max. 1690, 1645, 1595 cm. -1
Attempted P re p a ra t io n  o f  l-B en g o y l-4 -d im eth y lam in o -5 -o x o -l , 2 , -  
2a.3,4< 5-hexahydrobenz Cc.»d]inaole ( L X X V i n ) 1-Benzoyl-4-brom o-5- 
oxo-1 , 2 , 2a , 3 , 4>5-h ex ah y d ro b en z [c ,d ]in d o le  ( 2*3 g*) and dim ethyl -  
amine (0*95 E*) i 11 dry  "benzene (40 ml*) were h ea ted  under r e f lu x  
in  an atmosphere o f  n i t ro g e n  f o r  20 h r .  The m ixture was cooled to  
room tem p era tu re , dimethylamine hydrobromide f i l t e r e d  o f f , ’ and th e  
benzene s o lu t io n  washed w ith  ic e -w a te r  and e x t r a c te d  w ith  cold  2N 
h y d ro ch lo r ic  a c id .  The a c id ic  e x t r a c t  was n e u t r a l i s e d  w ith  cold 
2H‘ sodium hydrox ide , e x t ra c te d  w ith  e th e r ,  and th e  e th e r e a l  s o lu t ­
io n  washed w ith  w ate r ,  d r ie d  u s in g  anhydrous sodium s u lp h a te ,  and 
evapora ted  to  d ry n ess .  A ll a t tem p ts  to  c r y s t a l l i s e  th e  re s id u e
—1were u n su ccess fu l  and the  in f r a r e d  spectrum (*Vmax. l 645> 1595 cm. ) 
i n d ic a te d  t h a t  no 5-°xo fu n c t io n  rem ained.
The r e a c t io n  was re p e a te d  se v e ra l  tim es  v a ry in g  th e  r e a c t io n
o _ o
tem pera tu re  over th e  range 0 to  80 and employing d i f f e r e n t  
r e a c t io n  tim es  (from 2 h r .  to  7 days) bu t none of th e  r e q u ire d  
amino-ketone was i s o l a t e d .
4-Acetam ido-5-oxo-l ,3 ,4?  5 - te t r a h y d ro b e n z rc ,d ] in d o le  (LXXIX). -
5 -O xo-l,3 ,4> 5-"ke trahydrobenz[c ,d ]indo le  ( l  g . )  in  a s o lu t io n  o f  
potassium  (0 .25  S*) l a  t - b u ta n o l  (20 m l.)  was warmed to  60 f o r  
15 min. and the  m ixture then  s t i r r e d  a t  room tem pera tu re  w hile 
amyl n i t r i t e  (1 .25  m l.)  was added over 30 min. A f te r  s t i r r i n g  f o r  
a f u r t h e r  30 min. a t  room tem pera tu re  th e  m ixture was cooled to  5,° 
and ic e -w a te r  (20 m l . ) ,  g l a c i a l  a c e t i c  ac id  (14 ml*) and z in c  d u s t  
(2 g . )  added and s t i r r i n g  continued  f o r  2 h r .  a t  5*.
The s o lu t io n  o f  amino-ketone th u s  g en e ra ted  was then  t r e a t e d  
w ith  a c e t i c  anhydride (4 & 1.), chloroform  (32 m l.)  and c r y s t a l l i n e
o
sodium a c e ta te  (19 g*) and th e  m ixture s t i r r e d  f o r  3 h r .  a t  0 .
A fte r  s e p a ra t io n ,  th e  aqueous l a y e r  was e x t r a c te d  w ith  chloroform
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and th e  combined chloroform  s o lu t io n  washed w ith  aqueous sodium 
b ic a rb o n a te ,  w a te r ,  d r ie d  over anhydrous sodium su lp h a te  and evap­
o ra te d  to  dryness* The o i l y  re s id u e  was c r y s t a l l i s e d  in  methylene /  
c h lo r id e  to  g ive 4-ace tam id o -5“ ox° - l 5 3>4j5-^e tra h y d ro b e n z [c ,d ] -  
in d o le  (0 .17  g . ,  13$). m.p. 179-184° ( l i t . , 195 207-209) (Found:
C, 68 .5 ; H, 5 .1 .  C alc, f o r  C13H12N202: C, 68.4; H, 5*3$);
V m ax. 3480, 3400, 1665, 1620 cm. The p -n itro p h en y lh y d razo n e
O — Q C  0
c r y s t a l l i s e d  from e th a n o l ,  m.p. 262 ( l i t . ,  ^  263-264).
1 1 3 14i 5-Tetrahydrobensfo? d ] in d o le  (LXXX-Q. -  A s o lu t io n  o f  5 -  
o x o -1 ,3 ,4 j5 - te t r a h y d ro b e n z [c ,d ] in d o le  (0 .5  g .)  in  e th an o l (25 m l.)  
and 6N h y d ro ch lo r ic  ac id  (25 m l.)  was hea ted  under r e f lu x  w ith  
z in c  amalgam ( l  g . ) f o r  1*5 h r .  A f te r  f i l t e r i n g  f r e e  from z in c  
th e  s o lu t io n  was reduced in  volume a t  reduced p re s su re  and th e  
r e s id u a l  m ixture e x t ra c te d  w ith  chloroform . The chloroform  s o lu t ­
io n  was washed w ith  w ate r, d r ie d  over anhydrous sodium su lp h a te ,  
and evaporated  to  d ry n ess . The o i ly  r e s id u e  was d i s t i l l e d  a t  15 mm. 
p re s su re  to  give a c o lo u r le s s  c r y s t a l l i n e  s o l id  which was r e c r y s t — 
a l l i s e d  from petro leum  to  give l ,3 > 4 > 5 - te tra h y d ro b e n z [c ,d ] in d o le  
(0 .21  g . ,  45$), m.p. 57-58 ( l i t . , 242 55-56°).
Attempted Clemmensen Seduction  o f  4-Acetamid o . - 5 - o x o - l ,3»4?5- 
te t ra h y d ro b e n z fc ,d l in d o le  (LXXIX). -  4-Acetamido—5 -o xo-l,3*4> 5— 
te t ra h y d ro b e n z [c ,d ] in d o le  (0 .2  g .)  in  e th an o l (15 m l.)  and 6N 
h y d ro ch lo r ic  ac id  (15 m l.)  7/as hea ted  under r e f lu x  w ith  z inc  
amalgam ( l  g .)  f o r  1 .5  h r .  The s o lu t io n  was f i l t e r e d  f re e  from 
z in c ,  reduced i n  volume a t  reduced p re s su re  and th e  rem aining  
aqueous m ixture e x t r a c te d  w ith  chloroform . The chloroform  s o lu t io n  
was washed w ith  w ate r ,  d r ie d  over anhydrous sodium su lp h a te  and 
evapora ted  to  d ryness to  give a n o n - c r y s ta l l in e  r e s id u e  (0 .13  g .)  
having an in f r a r e d  spectrum c o n s is te n t  w ith  th a t  to  be expected 
f o r  th e  N -ace ty l  d e r iv a t iv e  o f  th e  r e q u ire d  4 -am in o - l , 3>4>5- 
te t ra h y d ro b e n z [c ,d j in d o le ^  (see p . 60).
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Treatm ent o f  th e  impure re s id u e  w ith  hydroxyl amine hydro­
c h lo r id e  and sodium a c e ta te  in  aqueous e th an o l gave a s o l i d  which, 
from in f r a r e d  ev idence , con ta ined  no> d e te c ta b le  amount of  th e  5-  
oximino d e r iv a t iv e *
5-&e t  hoxy-2-n  i  t  r  o t  c luene ( L X X X V I I I ) Thi s m a te r ia l  was 
p repared  in  a 57$ -y ie ld  from m -creso l v ia  5-kydroxy-2- n i t r o s o t o l -  
uene and 5“kydroxy-2- n i t r o to lu e n e  acco rd ing  to  th e  procedure, d es ­
c r ib e d  by K o e l s c h ,^ ^  m.p. 55 ( l i t . , 1^  55)*
5-Methoxyindole (XCl). -  Conversion o f  5 -Eie‘k h o x y -2 -n i t ro to l -
uene in to  5- Eiethoxy indo le  was achieved in  25$ y ie ld  employing th e
200method of B la ik ie  and P e rk in .  Condensation of  th e  n i t r o to lu e n e  
w ith  e th y l  o x a la te  gave 5-methoxy-2-n i t ro p h e n y lp y ru v ic  ac id  v/hich 
on c y c l i s a t io n  gave 2-ca rb o x y -5- 2ieth o x y in d o le ,  and on subsequent 
therm al d e c a rb o x y la t io n  the  r e q u ire d  5- a a th o x y in d o le , m.p. 54-55
( l i t . , 200 5$ ) .
Attempted P re p a ra t io n  o f  (3 - ( 5 -& eth o x y in d o l-3 -y l) -p ro p io n ic  
Acid (X C Il) . -  5 -^e‘tkoxyindole ( l  g . ) in  t e t r a l i n  (20 m l.)  was 
hea ted  under r e f lu x  w ith  sodium hydroxide (0 .3  g*) and p r o p io l a c t -  
one ( 0 .5  m l.)  f o r  4 h r .  Huch o f  th e  so lv e n t  was then  removed a t  
reduced p re s s u re ,  excess w ate r  added and th e  m ixture e x t r a c te d  w ith  
chloroform . The aqueous b a s ic  s o lu t io n  was a c id i f i e d  w ith  4^ hydro­
c h lo r ic  ac id ,  the  p r e c i p i t a t e d  o i l  e x t r a c te d  w ith  chloroform  and 
th e  r e s u l t i n g  so lu t io n  washed w ith  w a te r ,  d r ie d  over anhydrous 
sodium su lpha te  and evapora ted  to  dryness  a t  reduced p r e s s u re .
The in f r a r e d  spectrum of th e  re s id u e  was very  s im i la r  to  t h a t  o f  
(3- ( 5-m ethoxy indo l-3- y l ) - p r o p io n ic  ac id  bu t no c r y s t a l l i n e  m a te r ia l  
could be i s o l a t e d .  The d u ra t io n  and tem pera tu re  o f  th e  r e a c t io n  
were v a r ie d  w ithou t any s i g n i f i c a n t  change in  the  p u r i t y  o f  th e  
p ro d u c t.
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ft - ( 5 -M ethox .y indo l-3 -y l)-p rop ion ic  Acid (X C Il) . -  5-^efboxy- 
in d o le  ( l  g .)  i n  a m ixture o f  g l a c ia l  a c e t i c  ac id  (6 m l.)  and 
a c e t i c  anhydride (2 m l.)  was hea ted  under r e f lu x  w ith  a c r y l i c  
ac id  ( l . l  g .)  f o r  3 h r .  and then  allowed to  stand  a t  room temper­
a tu re  o v e rn ig h t .  The v o l a t i l e  m a te r ia l  was removed a t  reduced 
p re s s u re ,  and th e  o i ly  re s id u e  added to  4R sodium hydroxide (25 ml*)* 
Cooling and s c ra tc h in g  t h i s  m ixture converted  th e  impure ac id  to  
th e  c r y s t a l l i n e  sodium s a l t  which was f i l t e r e d  o f f ,  washed w ith  
w ate r ,  and a c i d i f i e d  w ith  2X h y d ro ch lo r ic  a c id .  The r e s u l t i n g  
s o l id  was r e c r y s t a l l i s e d  from w ater to  g ive p ~ (5 -m ethoxy indo l-3 -
o
y l ) -p r o p io n ic  ac id  (0 .74  g*> 50$) > m.p. 136, no t depressed  "by ad­
m ixture w ith  an a u th e n t ic  sample. The e th y l  e s t e r  had m.p. and
o
mixed m.p. 72-73*
Ethyl 2 -0 xo -cyc lopen tanecarboxy la te  (XCIV). -  T h is  m a te r ia l  
was p rep ared  in  70$ y ie ld  "by a Dieckmann condensation  o f  d ie th y l  
ad ip a te  as d e sc r ib e d  by P in k n e y ,20^ b.p* 81-82/3 mm*, ( l i t . , 20^ 
1 0 8 - l l l7 l 5  mm.) •
E thyl Hydrogen pt-Ke to  ad ip a te  p-Uethoxyphenylhydrazone (XCV). -  
T h is  m a te r ia l  was prepared  in  94$ y ie ld  from p-m ethoxyphenyldiazon-
ium c h lo r id e  and e th y l  2 -o x o -cy c lopen tanecarboxy la te  in  n e u t r a l
Q l89s o lu t io n  a t  0, acco rd ing  to  th e  method d e sc r ib e d  by Renson,
203and based on th e  e a r l i e r  s y n th e s is  o f  Robinson and h i s  co-w orkers.
The p-methoxyphenylhydrazone was no t p u r i f i e d  but used d i r e c t l y  f o r  
th e  nex t s ta g e .
E t h y l  3 - ( 2 - E t h o x y c a r b o n y l - 5 - m e t h o x y i n d o l - 3 - y l ) - p r o p i o n a t e
(XCVl). -  C y c l is a t io n  of th e  phenylhydrazone (XCV) was achieved
u s in g  a r e f lu x in g  m ixture of  e th an o l and su lp h u r ic  ac id  as d e s c r i -
203bed by Robinson and h is  co-w orkers. The product was d i s t i l l e d  
a t  reduced p re s su re  to  give th e  re q u ire d  d ie th y l  e s t e r  i n  58$ 
y ie ld ,  b .p .  215- 220/5 mm., m.p. 110 ( l i t . ,203 qqo).
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fr.,( 2 -C arb o xy-5 -rce thoxy indo l-3 -y l)-p rop ion ic  Acid (XGVIl)
The d ie th y l  e s t e r  (XCVX) was hydrolysed  w ith  r e f lu x in g  e th a n o l ic
203potassium  hydroxide as d e sc r ib ed  by Robinson and h i s  co-v/orkers.
The re q u ire d  d i - a c id  was o b ta in ed , a f t e r  r e c r y s t a l l i s a t i o n  from 
water* i n  32$  y i e ld ,  m.p. 223-227 ( l i t # , ^ ^  225)*
f i-(5 -M eth o x y in d o l-3 -y l) -p ro p io n ic  Acid (X C Il) . -  Decarboxyl­
a t io n  of th e  d i - a c id  (XCVII) was e f f e c te d  th e rm a lly  in  d ip heny l-
amine a t  250° accord ing  to  the  method of Robinson and h is  co-work- 
203e r s .  A f te r  r e c r y s t a l l i s a t i o n  from w ate r, th e  re q u ire d  p roduct
o 203 °was ob ta ined  in  72$  y i e ld ,  m.p, 136 ( l i t , ,  136) ,
E thyl {3-(5 -M ethoxy indo l-3 -y l)-p rop iona te  (XCVTIl), -  f i - ( 5 -  
M e thoxy indo l-3 -y l)-p ro p io n ic  ac id  was e s t e r i f i e d  by trea tm en t w ith
t j °e th an o l c o n ta in in g  10$b hydrogen c h lo r id e .  Y ie ld  13$i m.p. 72-72-5*
Methyl f t - (5-M ethoxyindol—3 - y l ) - n r o n i o n a t e M e t h o d  A. The 
e s t e r  was p rep ared  in  8I 5& y ie ld  by tre a tm e n t o f  th e  ac id  w ith
methanol c o n ta in in g  hydrogen c h lo r id e  accord ing  to  th e  method d e s -
203 0 20 3 0c r ib ed  by Robinson and h is  co-w orkers, m-p. 97-99  ( l i t , ,  100).
Method B. Diazomethane in  e th e r  (250 m l.)  (p rep a red  from D iaza ld
(3 g*) )  was added to  a s o l u t i o n  o f  (I - ( 5 - m e t h o x y in d o l - 3 - y l ) -
p ro p io n ic  ac id  (8 g . )  in  methanol (70 m l.)  a t  0° and the  m ix ture
kep t a t  room tem pera tu re  f o r  3 h r .  The m ethanol, e th e r ,  and
excess diazomethane were then  removed a t  reduced p re s s u re ,  and th e
re s id u e  r e c r y s t a l l i s e d  from methanol to  give methyl /3-(5-niethoxy-
in d o l - 3 - y l ) -p ro p io n a te  ( 8 .1  g . ,  95$>)> m.p. 99- 100.
Attempted Hydrogenation of (3-(5 -^ ® th o x .y in d o l-3 -y l) -p ro p io n ic  
Acid and i t s  Methyl and E thyl E s te rs  to  the  Corresponding I n d o l in e s . -  
The r e a c t io n s  l i s t e d  below were c a r r ie d  out in  a g enera l purpose 
hydrogenation  appara tus  a t  room tem pera tu re  and atm ospheric p r e s s u r e .  
No a ttem pt was made to  p u r i f y  the  r e s u l t i n g  in d o l in e s  but where 
p roduc ts  were o b ta ined  th e se  were benzoy la ted  d i r e c t l y  u s in g  benzoyl
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c h lo r id e  in  aqueous sodium hydroxide
CH30 c h 2c h 2c o o r .
R
H
Solvent
Aqueous
sodium
hydroxide
H Ethanol
H
CH-
Ethanol and 
f lu o ro b o r ic  
ac id
Methanol and 
h y d ro ch lo r ic  
ac id
Cat a ly s t
Raney n ic k e l
P latinum
oxide
Pallad ium - on- 
carbon
Rhodium-on- 
carbon
Platinum
oxide
P latinum
oxide
Raney n ic k e l  
Pallad ium  on 
carbon
Rhodium on 
carbon
P la tinum
oxide
O bservations
Very slow hydrogen uptake 
and a c o n s id e rab le  q u a n t i ty  
of  s t a r t i n g  m a te r ia l  
i s o l a t e d .
Rapid hydrogenation , 2 mole$ 
o f  hydrogen taken  up. 
S t a r t i n g  m a te r ia l  (50$) 
i s o l a t e d .  P roduct (5$)*
Rapid hydrogenation , 1 .5  
moles o f  hydrogen taken  up. 
S t a r t i n g  m a te r ia l  (40$) 
i s o l a t e d .  Ho p ro d u c t.
Rapid hydrogenation , 1 mole 
of hydrogen taken  up.
P roduct (20$), ( i s o l a t i o n  
d i f f i c u l t ) .
Very slow hydrogen uptake 
and a co n s id e ra b le  q u a n t i ty  
o f  s t a r t i n g  m a te r ia l  
i s o l a t e d .
Rapid hydrogenation , 1 .7  
moles of  hydrogen taken  up.
Ho p ro d u c t.
Moderate hydrogenation  r a t e ,
1 .3  moles o f  hydrogen taken  
up. S t a r t in g  m a te r ia l  (25$) 
i s o l a t e d .  P roduct (20$).
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R
c2h5
Solvent
Ethanol and
h y d ro ch lo r ic
ac id
C a ta ly s t
Raney n ic k e l
Palladium-on- 
ca r  "bon
Rhodium-on— 
carhon
Platinum
oxide
O bservations
V ery 's low  hydrogen uptake 
and a co n s id e ra b le  q u a n t i ty  
o f  s t a r t i n g  m a te r ia l  
i s o l a t e d .
Rapid hydrogenation , 
v a r ia b le  hydrogen up take .
No p ro d u c t .
Moderate hydrogenation  r a t e ,
1 .3  moles o f  hydrogen taken  
up. S ta r t in g  m a te r ia l  (20- 
40$) i s o l a t e d .  V ariab le  
y i e ld  of p roduct ( 17 , 25,
37, 505S).
Attempts were a lso  made to  hydrogenate th e  sodium s a l t  o f  th e  
ac id  a t  in c re a se d  p re s s u re s  as d esc r ib e d  f o r  the  hydrogenation  
o f  ( in d o l - 3 -y l ) -p ro p io n ic  ac id  by Woodward and h i s  co- 
w orkers,1^3 However, only  s t a r t i n g  m a te r ia l  was i s o l a t e d .
3 -( l-B en zo y l-5 -m eth o x jin d o lin -3 -y l)-T > ro p io n ic  Acid (XCIX)«- 
To a suspension  o f  prehydrogenated  p la tinum  oxide ( l .2 5  £•)  in  
e thano l (30 m l.)  and 40$ aqueous f luo robori.c  ac id  (30 m l.)  was 
added a s o lu t io n  o f  e th y l  p - (5 -m e th o x y in d o l-3 -y l) -p ro p io n a te  
(31 g •) in  e th an o l (300 m l.)  and f lu o ro b o r ic  ac id  (290 m l . ) .  The 
t o t a l  m ixture was shaken in  an atmosphere o f  hydrogen a t  room 
tem pera tu re  and atm ospheric p re s su re  u n t i l  th e  t h e o r e t i c a l  volume 
of hydrogen (3100 m l.)  had been absorbed. The m ixture was then  
f i l t e r e d ,  e th an o l removed a t  reduced p re s su re  and the  rem aining 
aqueous s o lu t io n  made b a s ic  w ith  d i l u t e  ammonia and e x t r a c te d  w ith  
ohloroform . The chloroform  s o lu t io n  was washed w ith w a te r ,  d r ie d  
over anhydrous sodium s u lp h a te ,  and evapora ted  to  dryness  to  give 
impure e th y l  (3- (5 -m e th o x y in d o lin -3 -y l) -p ro p io n a te  (24 g*)> 
having  V  max. 33&0, 1725, 1595 cm. ^
Without f u r t h e r  p u r i f i c a t i o n  th e  impure e s t e r  was hydrolysed  
under r e f lu x  in  e thano l (120 m l.)  w ith  10$ aqueous sodium hydroxide
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(240 m l.)  f o r  5 min. The s o lu t io n  was th en  oooled to  0°, benzoyl
c h lo r id e  (26 m l.)  added, and the  m ixture shaken a t  room tem pera tu re
0f o r  3 h r .  The m ix tu re , cooled to  0 , was made ac id  w ith  c o n c en tra te d  
h y d ro c h lo r ic  ac id  and th e  p r e c i p i t a t e d  m ix tu re  of benzoic  a c id  and 
th e  r e q u ire d  benzoyl m a te r ia l  f i l t e r e d  o f f ,  washed w ith  hot w a te r  
( to  remove benzoic  ac id )  and th e  r e s id u e  r e c r y s t a l l i s e d  from 
e th an o l to  give [3 - ( l -b e n z o y l-5 -m e th o x y in d o l in -3 -y l) -p ro p io n ic  ac id  
(25 g . ,  62$), m .p. 169-170° and 1 8 0 .5'  ( l i t .  , 2° 5 I 79. 5- I 8I )  (Found:
C, 70 .1 ; H, 6 .1 ;  N, 4*0. Calc, f o r  Cq^Hq^NO^ r e q u i r e s  C, 70 .15 ;
H, 5 .9 ;  N, 4 . 3 $ ) ; V  max. 1720, I 64O, 1600 cm.-1
N e u t r a l i s a t io n  of  th e  ammoniacal s o lu t io n ,  a f t e r  e x t r a c t io n  
o f  th e  reduced m a te r ia l  w ith  chloroform , p r e c i p i t a t e d  unchanged 
s t a r t i n g  m a te r ia l  (1 .2  g . ) .
l -B e n zo y l-6 -h y d ro x y -5 -o x o - l , 2 , 2 a ,3 i 4 , 5-hexahydrobenz[c, d ] -  
in d o le  ( C ) . -  p - ( l -B e n z o y l-5 -m e th o x y in d o lin -3 -y l ) -p ro p io n ic  a c id  
(13 g .)  i n  f r e s h ly  d i s t i l l e d  th io n y l  c h lo r id e  (22 m l.)  was k ep t a t  
room tem pera tu re  f o r  30 min. and then  warmed g e n t ly  f o r  a f u r t h e r  
30 min. A f te r  removal o f  excess th io n y l  c h lo r id e  a t  reduoed 
p re s s u re ,  th e  ac id  c h lo r id e  was d is s o lv e d  in  dry  carbon d isu lp h id e  
(22 m l.)  and added dropwise over 30 min. to  a s t i r r e d  and cooled 
(0°) suspension  o f  anhydrous aluminium c h lo r id e  (26 g . )  i n  carbon 
d isu lp h id e  (200 m l . ) .  When th e  a d d i t io n  was complete th e  m ix ture  
was allowed to  a t t a i n  room tem pera tu re  over 30 min. and then  h ea ted  
under r e f lu x  f o r  a f u r th e r  2 h r .  w ith  con tinued  s t i r r i n g .  The 
r e a c t io n  m ixture was then  cooled in  i c e  and th e  complex decomposed 
by slow a d d i t io n  of  ic e  (50 g . )  and 4^ h y d ro c h lo r ic  a c id  (90 m l . ) .  
The carbon d isu lp h id e  was removed a t  reduced p re s s u re ,  th e  rem ain­
in g  aqueous m ix ture  e x t ra c te d  w ith  benzene and the  benzene s o lu t io n  
washed w ith  w ate r  and shaken w ith  5^ sodium hydroxide (2 0  m l . ) .
The r e s u lt in g  yellow  p r e c ip ita te  was f i l t e r e d  o f f ,  washed with a 
l i t t l e  water and dried to  give l-b e n z o y l-6 -h y d r o x y - l ,2 ,2 a ,3 ,4 > 5 -
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hexahydrobenz[c ,d ]indo le  sodium s a l t  (11 .4  g* , 90$ ) ,  m .p .>  350.
On a c i d i f i c a t i o n  t h i s  sodium s a l t  gave a c o lo u r le s s  s o l id  which 
was r e c r y s t a l l i s e d  from e th an o l to  g ive l - b e n z o y l - 6-hy d ro x y -5-o xo - 
1 ♦ 2 ,2 a ,3»415-hexahydrobenz[c , d 1in d o le  m.p. 1 6 3 .5> (Founds C, 73 .2 ;
5*25* ^18^1 5 ^ 3  reclu^ re s  73»7; H, 5*2$); V  max. 1660,
I 64O, 1600 cm."
The benzene f i l t r a t e ,  a f t e r  removal o f  p r e c i p i t a t e d  sodium s a l t ,  
was washed w ith  w ate r ,  d r ie d  over anhydrous sodium su lp h a te  and 
evapora ted  to  d ryness  a t  reduced p r e s s u re .  The re s id u e  was r e ­
c r y s t a l l i s e d  from benzene to  g ive l - b e n z o y l - 5- o x o - l , 2 , 2a , 3 >4 >5-  
hexahydrobenz[c ,d ] indo le  ( l  g . ) ,  m.p. 145-148 ( l i t . , ^ ^  I 46- I 47) .
The in f r a r e d  spectrum was i d e n t i c a l  to  t h a t  o f  an a u th e n t ic  sample 
and no m.p. d e p re ss io n  was observed on adm ixture o f  th e  samples.
Action of Aluminium C hloride upon 3-(l-B enzoy l-5 -m ethox .y ind- 
o l i n - 3- y l ) -p ro p io n ic  Acid (XCIX)>- To a coo led , s t i r r e d  suspension  
o f  anhydrous aluminium c h lo r id e  (2 g . )  i n  d ry  carbon d isu lp h id e  
(20 m l.)  was slow ly  added a suspension  o f  ^ - ( l - b e n z o y l - 5-methoxy- 
i n d o l i n - 3- y l ) -p ro p io n ic  ac id  ( l  g .)  in  carbon d isu lp h id e  (10 m l . ) .  
When th e  a d d i t io n  was complete th e  m ixture  was allowed to  a t t a i n  
room tem pera tu re  and then  h ea ted  under r e f lu x  f o r  a f u r t h e r  2 h r .  
w ith  continued  s t i r r i n g .  The m ixture was then  cooled , i c e  (5 g . ) 
and 4^ h y d ro c h lo r ic  ac id  (10 m l.)  added, and carbon d isu lp h id e  r e ­
moved a t  reduced p r e s s u r e .  The r e s id u a l  aqueous m ix ture  was ex­
t r a c t e d  w ith  benzene and th e  benzene s o lu t io n  washed w ith  w ater, 
d r ie d  over anhydrous sodium su lp h a te  and evapora ted  to  d ry n ess .
The re s id u e  (0 .94  g .)  was r e c r y s t a l l i s e d  from e thano l to  g ive (3 — 
( l-b e n z o y l-5 -m e th o x y in d o l in -3 -y l) -p ro p io n ic  ac id  (0 .86  g . ) ,  m.p.
0177- 179, no t dep ressed  by adm ixture w ith  s t a r t i n g  m a te r i a l .  The 
i n f r a r e d  s p e c t r a  o f  th e  two samples were i d e n t i c a l .
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l-B enzo y l-6 -h y d ro x y ~ 5 -o x o -l, 2 , 2 a ,314»5-hexahydrobenz[ c ,d ] -  
in d o le  Oxime ( C l ) . -  l-B e n zo y l-6 -h y d ro x y -5 -o x o - l , 2 , 2 a ,3 , 4 , 5-hexa- 
h y d ro b en z [c ,d ] in d o le  (0 .23  g .)  was d is s o lv e d  in  p y r id in e  (5 ml*) 
c o n ta in in g  hydroxylamine h y d ro ch lo r id e  (0 .2  g . )  and th e  m ixture 
k ep t a t  room tem pera tu re  f o r  15 h r .  I t  was then  poured onto a 
m ixture of  i c e  and w ater and th e  p r e c i p i t a t e  f i l t e r e d  o f f ,  washed 
w ith  w a te r ,  d r ie d  and r e c r y s t a l l i s e d  from e th an o l to  g ive  1-ben zo y l-  
6-hydroxy-5- o x o - l , 2 , 2a , 3 »4 , 5-hexahydrobenz[ c , d ] in d o le  oxime (0 .15  g . ,  
62$), m .p. 265 (decomp.) (Found: C, 70.4? H, 5 .2 .  Cl 8Hl 6N203
r e q u i r e s  C, 70 .1 ; H, 5*2$); V  max. 35^0, 3260, 1640, 1600 cm.
6 -A c e to x y - l-b en z o y l-5 -o x o - l , 2 , 2 a ,3 « 4 ,5-hexahydrobenz[ct d ] -  
in d o le  ( C I l ) . -  To a s o lu t io n  of  l -b e n z o y l-6 -h y d ro x y -5 -o x o - l ,2 ,2 a , -
3 , 4 , 5-h ex ah y d ro b en z[c ,d J in d o le  (0 .2  g . )  in  p y r id in e  (10 m l.)  was 
added a c e ty l  c h lo r id e  (0 .6  m l . ) ,  and th e  m ix ture  k ep t a t  room 
tem pera tu re  f o r  30 min. I t  was then  poured onto ic e  and w ate r, 
th e  product e x t r a c te d  w ith  chloroform  and th e  chloroform  s o lu t io n  
washed w ith  w ate r ,  2N h y d ro o h lo r ic  a c id ,  w ate r  u n t i l  n e u t r a l ,  and 
d r ie d  over anhydrous sodium s u lp h a te .  E vaporation  of t h i s  s o lu t io n  
to  d ryness gave a r e s id u e  which on r e c r y s t a l l i s a t i o n  from e thano l 
fu rn ish e d  th e  r e q u ire d  6- a c e t o x y - l-b e n z o y l-5- o x o - l , 2 , 2a , 3*4*5-hexa­
hydrobenz f c ,d l in d o le  (0 .13  g . , 57$), m.p. 151-153*5 (Found: C, 71*3;
H, 5 . 5 . C2QH17N<J r e q u i r e s  C, 71 .6 ; H, 5 .1 $ ) ;  V  max. I 76O, 1670, 
I 64O, 1590, 1255 cm. -1
l-B e n z o y l-6-m e th o x y -5 -o x o - l ,2 ,2a, 3 ,4 ,  5-hexahydrobenz[ c , d ] -  
in d o le  ( C I I I ) . -  To a r e f lu x in g  s o lu t io n  o f  1-b e n z o y l-6-hydroxy-
5- o x o - l , 2 , 2a , 3 , 4 , 5-h ex ah y d ro b en z [c ,d ]in d o le  ( l  g .)  in  e th an o l (27 m l.)  
c o n ta in in g  sodium (0 .1  g . )  was slowly added methyl io d id e  (0 .8  m l.)  
and h e a t in g  con tinued  f o r  a f u r th e r  3 h r .  A fte r  removal o f  e thano l 
a t  reduced p re s s u re ,  w ater  was added to  th e  re s id u e  and th e  m ixture 
e x t r a c te d  w ith  chloroform . The chloroform  s o lu t io n  was shaken w ith  
20$ aqueous sodium hydroxide, th e  unchanged s t a r t i n g  m a te r ia l  (0 .2  g . )
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f i l t e r e d  o f f  as th e  sodium s a l t ,  and the  rem aining s o lu t io n  washed 
w ith  w ate r ,  d r ie d  over anhydrous sodium su lp h a te  and evapora ted  to  
d ry n ess .  R e c r y s t a l l i s a t i o n  of th e  re s id u e  from e th an o l gave 1 -  
benzo.y l-6-m ethoxy-5-oxo-l, 2 , 2a, 3»4 , 5-hexahydrobenz [c,d] in d o le  (0 .6  g . , 
71$) (based on s t a r t i n g  m a te r ia l  consumed), m.p. 154-156°(Found:
C, 74*4; H, 5 .7 -  C]q Hi 7N°3 r e q u i r e s  C, 74*3; H, 5*6$); V max.
1670, 1635, 1590 cm.
Action o f  Aluminium C hloride upon l-B enzoyl-6-m ethoxy-5-oxo-  
1 , 2 , 2 a , 3 , 4 , 5-hexahydrobenz [c ,d] in d o le  ( C I I l ) . -  The procedure and, 
c o n d i t io n s  employed in  t h i s  r e a c t io n  were s im i la r  to  those  d e s c r ­
ib ed  f o r  th e  r e a c t io n  c a r r ie d  out to  determ ine the  e f f e c t  o f  
aluminium c h lo r id e  upon j} - ( l-b e n z o y l-5 -m e th o x y in d o l in -3 -y l) -  
p ro p io n ic  ac id  (XCIX): methoxy-ketone (C I I I ;  0 .6  g . )  and aluminium
c h lo r id e  (1 .2  g . )  were employed. A fte r  e x t r a c t io n  of th e  r e a c t io n  
m ixture w ith  benzene, th e  benzene s o lu t io n  was shaken w ith  5^ 
sodium hydroxide (5 m l.)  and th e  yellow  s o l id  p r e c i p i t a t e d  was 
f i l t e r e d  o f f ,  washed w ith a l i t t l e  w ate r  and d r ie d  to  give 1 -  
b en zo y l-6 -h y d ro x y -5 -o x o -l> 2 , 2 a , 3,4 >5-hexahydrobenz [c, d] in d o le  
sodium s a l t  ( 0 .25  g*)* The u n p ro tec ted  hydroxy compound (0) was 
l i b e r a t e d  on a c i d i f i c a t i o n  o f  th e  sodium s a l t  in  aqueous s o lu t io n ;  
r e c r y s t a l l i s a t i o n  from e th an o l gave l -b e n z o y l-6 -h y d ro x y -5 -o x o - l , 2 , -
O
2 a ,3 , 4 , 5-hexahydrobenz [c ,d ] in d o le  (0 .2  g . ) ,  m.p. 160-163* no t de­
p re sse d  on adm ixture w ith  an a u th e n t ic  sample.
The benzene s o lu t io n  was washed w ith  w ate r ,  d r ie d  over an­
hydrous sodium su lp h a te ,  and the  so lv en t removed a t  reduced p re s s u re .  
R e c r y s t a l l i s a t i o n  of  th e  re s id u e  (0 .4  g*) from methanol a ffo rd ed  
l-b en z o y l-6 -m e th o x y -5 -o x o - l , 2 , 2 a ,3 , 4 , 5-hexahydrobenz [c , d ] in d o le ,
o
m.p. 150- 154, no t depressed  on admixture w ith  an a u th e n t ic  sample.
The in f r a r e d  spectrum was i d e n t i c a l  w ith  t h a t  o f  th e  s t a r t i n g  
m a te r ia l  •
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6-H.ydrox.y-5-oxo-l »2, 2a, 3? 4? 5-hexahydrobenz fc,d] in d o le  (C V II l )♦- 
l-B en zo y l-6 -h y d ro x y -5 -o x o - l , 2 , 2a, 3,4> 5-hexahydrobenz [c, d ] in d o le  
sodium s a l t  (8 g . )  was d is s o lv e d  in  g l a c i a l  a c e t i c  ac id  (80 m l.)  
and co n cen tra ted  h y d ro c h lo r ic  ac id  (100 m l.)  and th e  s o lu t io n  
hea ted  under r e f lu x  f o r  20 h r .  The ac id  m ixture  was removed a t  
reduced p re s s u re ,  th e  re s id u e  e x t ra c te d  w ith  w ater  and th e  aqueous 
s o lu t io n  f i l t e r e d  and made b a s ic  w ith  co n c en tra ted  ammonia. The 
product was e x t r a c te d  th re e  tim es w ith  chloroform  and th e  ch lo ro ­
form s o lu t io n  washed w ith  w ate r ,  d r ie d  over anhydrous sodium 
su lp h a te  and evapora ted  to  d ryness  a t  reduced p re s s u re .  R e c ry s t­
a l l i s a t i o n  of th e  re s id u e  from e th an o l gave 6-hy d ro x y -5- o x o - l »2 , 2a , -  
3i4» 5-hexahydrobenz f e d ]  in d o le  (2 .4  g*> 50$) > m.p. 121-126° (Pound:
C, 70 .1 ; H, 6.4* ^11^1 1 ^ 2  reclu^re s  69*8; 5*9$); "Vmax.
3380, 3250, 1650, 1600 cm.“^ F u r th e r  e x t r a c t io n  o f  the  ammoniacal 
s o lu t io n  w ith  chloroform  gave, a f t e r  the  usua l work up and r e c r y s t ­
a l l i s a t i o n  from benzene, 6 -h y d ro x y -5 -o x o -i?3>4»5- te t r a h y d ro b e n z -  
[c,d] in d o le  (0 .16  g . ) ,  m.p. 190-194° (Found: C, 70 .7 ; H, 5*4.
C11H9NO,, r e q u i r e s  C, 70 .6 ; H, 4*9$); Vmax. 34^0, I 64O, 1605 cm. ^
6-Hydroxy-5-oxo-l 13»4?5 -te trah y d ro b en z  [c ,d ] in d o le  (CIX). -  
6-Hydroxy-5- o x o - l , 2 , 2a , 3>4 >.5-h ex ah y d ro b en z [c ,d ]in d o le  ( 1 .7  g . )  in  
m ethylene c h lo r id e  (60 m l.)  was shaken f o r  24 h r .  a t  room tem pera tu re  
w ith  a c t iv e  manganese d io x id e * ^  (6 .8  g . ) .  The m ixture was then  
f i l t e r e d ,  th e  manganese d io x id e  e x t r a c te d  i n  a Soxhlet e x t r a c to r  
u s in g  methylene c h lo r id e  and th e  combined methylene c h lo r id e  s o lu t io n  
washed w ith  2R h y d ro ch lo r ic  ac id  and w ate r,  and d r ie d  over anhydrous 
sodium s u lp h a te .  The so lv e n t  was removed a t  reduced p re s su re  and 
the- re s id u e  r e c r y s t a l l i s e d  from benzene to  g ive 6-hydroxy-5-oxo- 
l,3>4>5-'fce trahydrobenz[c., d ] in d o le  (1 .2  g . , 70$), m.p. 193-195*
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H ydroxylation  of  5-Oxo-l, 2, 2a, 3, 4* 5-hexahydrobenzTo,d] in d o le  
(LX) to  6 -H ydroxy-5 -oxo-l,3?4?5 - te t ra h y d ro b e n z [c ,d ] in d o le  (CIX). -  
To a s o lu t io n  of potassium  n i t ro s o d is u lp h a n a te  (2 .6  g . )  in  w ater  
(100 m l.)  and Sorensen*s b u f fe r  so lu t io n 44, (50 m l.)  was added 5 -°x o -  
1 , 2 , 2 a ,3 »4>5-hexahydrobenz[c,d]indole (0*5 g*) in  acetone (35 m l . ) .  
The m ixture  was shaken a t  room tem pera tu re  fo r  10 min. and then  
e x t ra c te d  w ith  chloroform . The chloroform  s o lu t io n  was washed w ith  
w ate r ,  2N h y d ro ch lo r ic  ac id  and e x t ra c te d  w ith  aqueous sodium hyd­
ro x id e .  The b a s ic  s o lu t io n  was a c id i f i e d  w ith  h y d ro ch lo r ic  a c id ,  
th e  p roduct e x t ra c te d  w ith  chloroform  and th e  chloroform  s o lu t io n  
washed w ith  w ater  and d r ie d  over anhydrous sodium su lp h a te .  A f te r  
removal o f  the  so lv en t th e  re s id u e  was r e c r y s t a l l i s e d  from benzene 
to  g ive 6 -hydro x y -5 -o x o -l, 3>4>5-‘ke trahydrobenz[c ,d ]  in d o le  (0 .07  g»)>
a
' m.p. 190- 195, n o t dep ressed  by admixture w ith  an a u th e n t ic  sample. 
The in f r a r e d  spectrum of t h i s  m a te r ia l  was i d e n t i c a l  w ith  t h a t  o f  
th e  a u th e n t ic  sample.
The r e a c t io n  time was v a r ie d  from 2 min. to  30 min. in  an 
a ttem pt to  in c re a s e  th e  y i e ld  but 10 min. was found to  be th e  
optimum tim e.
6 -H y d ro x y -5 -o x o - l ,3 » 4 i5 - te tra h y d ro b e n g [c ,d ] in d o le  Oxime (CX). -  
A s o lu t io n  o f  6 -h y d ro x y -5 -o x o -l , 3 >4>5-“te trahydrobenz [o ,d ] in d o le  
(1*2 g . )  i n  e th an o l (140 m l.)  was hea ted  under r e f lu x  w ith  hydrox- 
ylamine hyd ro ch lo r id e  (0-9  £•) and. anhydrous sodium a c e ta te  (1 .8  g .)  
i n  w a te r  (30 m l.)  f o r  75 min. Much of th e  so lv en t was then  r e ­
moved a t  reduced p re s s u re ,  excess  ic e  and w ate r  added and th e
oxime th u s  p r e c i p i t a t e d  e x t r a c te d  in to  chloroform . The chloroform
243■*- -  The Sorensen* s b u f f e r  s o lu t io n  (pH 7 ) was p rep a red  from 
potassium  dihydrogen phosphate (0.175 g*) and disodium hydrogen 
phosphate (0 .362 g . )  d is s o lv e d  in  w ater  (50 m l . ) .
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so lu t io n  was washed w ith  w a te r ,  d r ie d  over anhydrous sodium 
su lp h a te  and evapora ted  to  d ryness  a t  reduced p ressure*  R e c ry s t­
a l l i s a t i o n  of  th e  re s id u e  from e thano l gave 6 -h y d ro x y -5 -o x o -l , 3 , 4 , -
5 -te trah y d ro b en z  fc ,d ] in d o le  oxime (0 .95  g*> 73^), m.p* 172-176.5° 
(Founds C, 65.55 H, 4*95* c n Hio N2°2 re<lu i r e s  c > 65. 3*, H, 5-0^) 5 
Vmax. 3580, 3480, 3250, 1630, 1600 cm."1
5-A m ino-6-hydroxy-l.3 » 4 1^-te trah y d ro b en z  f c t d] in d o l e (XLVII) . -
6-Hydroxy-5- o x o - l , 3 >4 > 5- ' te 'tl,ahydrobenz[c ,d] in d o le  oxime (O.65 g .)  
in  dry  te t r a h y d ro fu ra n  (55 m l.)  was hea ted  under r e f lu x  w ith  
l i th iu m  aluminium hydride (O.65 g .)  f o r  7*5 h r .  Excess l i th iu m  
aluminium hydride was decomposed by th e  c a re fu l  a d d i t io n  o f  w ater 
and much o f  th e  te t r a h y d ro fu ra n  removed a t  reduced p re s su re  and 
room te m p era tu re .  The rem ain ing  aqueous m ix ture  was e x t r a c te d  
w ith  e th e r  and th e  e th e r e a l  s o lu t io n  washed w ith  w a te r ,  d r ie d  
over anhydrous sodium su lp h a te  and th e  e th e r  removed a t  reduced 
p r e s s u re .  During th e  i s o l a t i o n  th e  s o lu t io n s  were k ep t cool and 
in  an atmosphere of  n i t ro g e n ;  on exposure to  a i r  th e  yellow  
s o lu t io n  o f  amine i n s t a n t l y  became b la c k .  Attempts to  p rep a re  a 
pure sample of  th e  amine (Vm ax. 3480, 3380, 1615 cm."^) were un­
su c c e s s fu l .
The hyd roch lo ride  was p rep ared  by trea tm en t o f  a s o lu t io n  o f  
th e  impure amine i n  a m ixture o f  anhydrous e th e r  and benzene w ith 
dry  hydrogen c h lo r id e .  The r e s u l t i n g  p r e c i p i t a t e  was washed and 
c e n tr i fu g e d  se v e ra l  tim es w ith  anhydrous e t h e r ,  d r ie d  in  a stream 
o f  oxygen-free n i t ro g e n  and r e c r y s t a l l i s e d  from e thano l to  give 
c o lo u r le s s  n ee d les  of 5-am inQ>-6-hydroxy-l,3»4»5-tetrahydrobenz- 
[ c ,d ] in d o le  hyd roch lo ride  (0 .03  g*)* No m.p. was reco rded  as the  
compound slowly darkened and decomposed on h e a t in g .  (Foundi C,
58. 0 ; H, 5*7* Ci i Hi3 N2°Gi reclu ir0 6  58.85 H, 5*856) .
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Attempted H ydroxylation  of 4 -0 x o - l , 2 , 2 a ,3*4^5-hexahydrobenz- 
[c ,d ] indo le  (LXIX) to  6-H ydroxy-4-oxo-l« 3* 4? 5 - te trah y d ro b en z  fo^dl -  
in d o le  (CXl). -  A s o lu t io n  of potassium  n i t ro s o d is u lp h o n a te  (1 .6  g . )
OA\
i n  w ater (64 m l.)  and Sorensen1s phosphate b u f f e r  s o lu t io n  
(32 m l.)  was shaken under n i t ro g e n  w ith  4 -o x o -l ,2 ,2 a ,3 j4 > 5 --k ex a -  
hydrobenz [c ,d ] in d o le  (0 .32 g . ) in  acetone (30 m l.)  f o r  10 min.
The m ixture was then  e x t ra c te d  w ith  chloroform  and th e  chloroform  
s o lu t io n  washed w ith  2N h y d ro ch lo r ic  ac id  and w ate r ,  d r ie d  over 
anhydrous sodium su lp h a te ,  and evapora ted  to  d ryness a t  reduced 
p r e s s u r e .  The in f r a r e d  spectrum of th e  re s id u e  (0 .05  g*) p o ss­
essed  no ab so rp tio n  a t  1710 or 34^0 cm. ^ a t t r i b u t a b l e  to  th e  4-  
oxo fu n c tio n  or  th e  in d o l i c  N-H r e s p e c t iv e ly .
N e u t r a l i s a t io n  o f  th e  ac id  washings w ith  sodium b ic a rb o n a te  
and e x t r a c t io n  w ith  chloroform  gave a dark  o i l  (0 .2  g . ) ,  th e  
i n f r a r e d  spectrum of which possessed  ab so rp tio n  a t  1710 cm.” ^ bu t 
no t a t  3480 cm.“*^  The o i l  was in s o lu b le  in  aqueous sodium hydro­
x ide  and could no t be o b ta in ed  i n  a c r y s t a l l i n e  s t a t e .
6 -H y d ro x y -l ,3 i4 » 5 -te trah y d ro b en zC c ,d ]in d o le  (C X II l) . -  6-
H ydroxy-5 -oxo -l,3> 4 > 5 - te tra h y d ro b en z[c ,d ] in d o le  (0 .2  g . )  in  
e th an o l (40 m l.)  and 6N h y d ro c h lo r ic  ac id  (20 m l.) was hea ted  
under r e f lu x  fo r  15 min. w ith  amalgamated z in c  (0 .5  g*)* A f te r  
rem aining  a t  room tem pera tu re  f o r  a f u r t h e r  12 h r . , th e  m ix tu re  
was f i l t e r e d ,  th e  so lu t io n  volume reduced and the  rem aining  
m ix ture  e x t ra c te d  w ith  ch loroform . The chloroform  s o lu t io n  was 
washed w ith  w ate r ,  d r ie d  over anhydrous sodium su lp h a te  and th e  
so lv e n t  removed a t  reduced p r e s s u r e .  The o i ly  re s id u e  was d i s ­
t i l l e d  a t  2 00 /l  mm. and th e  c o lo u r le s s  c r y s t a l s  ob ta ined  were 
r e o r y s t a l l i s e d  from benzene to  give 6 -h y d ro x y - l ,3 > 4 > 5 - te trah y d ro -  
b e n z [c ,d ] in d o le  (0 .09  g - > 5°$)> m*P* 125-126 ( l i t . , ^ 5  125-126).
6 -A ce to x y -5 -o x o -l ,3 i4 » 5 -te trah y d ro b en zrc» d 1 in d o le  (CXIV). -  
To a s o lu t io n  o f  6 -h y d ro x y -5 -o x o - l ,3*4*5 - te t r a h y d ro b e n z [c ,d ] -
-110 -
in d o le  ( l  g .)  i n  p y r id in e  (7 m l.)  was added a c e ty l  c h lo r id e  (0 .6  m l.)  
and th e  m ixture k ep t a t  room tem peratu re  f o r  2 h r .  A ddition  to  
ic e -w a te r  gave an o i ly  s o l id  which was e x t ra c te d  w ith  chloroform  
and the  o rgan ic  s o lu t io n  washed w ith  w a te r ,  2N h y d ro c h lo r ic  a c id ,  
w ate r ,  and d r ie d  over anhydrous sodium s u lp h a te .  Removal o f  th e  
so lv en t a t  reduced p re ssu re  gave a re s id u e  which was r e c r y s t a l l i s e d  
from e thano l to  g ive 6 -a c e to x y -5 -o x o - l ,3»4 » 5 - te tra h y d ro b e n z fc ,d ] -  
in d o le  (0 .94  £•> 91%)> m.p. 191-192°(Found: C, 68 .4 ; H, 5 .1 .
C13H11N03 reclu ire s  68' 1 5 e > 4.82)5 Vm ax. 3475, 1755, 1670,
1615, 1255 cm.-1
l-B e n z o y l-6 -b e n z y lo x y -5 -o x o -l , 2 , 2 a , 3 , 4 , 5-hexahydrobenz[c, d j -  
in d o le  (CXV). -  l -B e n zo y l-6 -h y d ro x y -5 -o x o - l , 2 , 2 a ,3 » 4 , 5-kexahydro- 
benz [c ,d ] in d o le  sodium s a l t  (6 g .)  in  N/40  sodium hydroxide (1500 
m l.)  was hea ted  under r e f lu x  w ith  benzyl c h lo r id e  (4 m l.)  i n  
e th an o l (200 m l.)  f o r  2 h r .  Much of th e  e th an o l was removed a t  
reduced p re s su re  and th e  r e s id u a l  m ixture cooled in  i c e  to: p r e c ip ­
i t a t e  the  impure benzyl d e r iv a t iv e .  A f te r  removal o f  th e  p r e c ip ­
i t a t e d  m a te r ia l  th e  f i l t r a t e  was hea ted  under r e f lu x  and r e ­
t r e a t e d  w ith  benzyl c h lo r id e  (2 m l.)  in  e th an o l (100 m l . ) .
Heating was continued for 2 hr. when more product was i s o la te d  by 
removal of  ethanol and f i l t r a t i o n .  This process was repeated  
several times and the combined impure product r e c r y s ta l l i s e d  from 
ethanol to  give l-b e n zo y l-6 -b en zy lo x y -5 -o x o -l , 2 , 2 a ,3 ,4  ?5-hexa­
hydrobenz Cc,d1indole (5*2 g . , 67%), m.p. 199-201 (Found* C, 78.8;
H, 5*5* ^25^21^^3 reclu^res 78*3; H, 5*52)5 V m ax. 1680,
1640, 1595, 1270 cm .-l
6-Benzylo x y -5 -o x o - l ,2 ,2 a ,3>4*5-hexahydrobenz fc ,d ] in d o le  (CXVI) . -  
l -B e n z o y l-6 -b e n z y lo x y -5 -o x o -l , 2, 2a, 3 ,4 ,  5 -kexahydrobenz [c,d] in d o le  
(4 g .)  in  e th an o l (600 m l.)  was hea ted  under r e f lu x  w ith  5^ 
sodium hydroxide (600 m l.)  f o r  2 h r .  Much o f  the  so lv e n t  was
then  removed a t  reduced p r e s s u r e ,  w ater  added, and th e  m ixture
- I l l -
e x t r a c te d  w ith  chloroform . The chloroform  s o lu t io n  was washed 
w ith  2N sodium hydroxide and w ate r,  and d r ie d  over anhydrous 
sodium su lp h a te .  A fte r  removal o f  the  chloroform  a t  reduced 
p re s su re  th e  re s id u e  was r e c r y s t a l l i s e d  from e th an o l to  g ive
6 -b en zy lo x y -5 -o x o -l ,2 ,2 a ,3 ,4 ,5 -b ex ah y d ro b en z  fo ,d ] in d o le  ( 2 .8  g . ,  
962), m.p. 132-134° (Found: C, 77*6; H, 6 . 4 . ci8 H17^°2 re<lu ir0S
C, 77 .4 ; H, 6.12)5 V m ax. 3370, 1670, 1600, 1260 cm .-l
A t t e m p t e d  P r e p a r a t i o n  o f  6-B enzylo x y - 5 - o x o - l ,3 ,4 ,5 - t e t r a -  
hydrobenz fc,d1 in d o le  (CXVIl). -  6-H ydroxy-5-oxo-l, 3 , 4 , 5 - t  e t r a -  
hydrobenz [c ,d ] in d o le  (0 .5  g . ) in  N/ 4  sodium hydroxide (150 m l.)  
was hea ted  under r e f lu x  w ith  benzyl c h lo r id e  (0 .4  g . )  in  e th an o l 
(30 m l.)  f o r  2 h r .  Much o f  th e  e th an o l was removed a t  reduced 
p re s s u re ,  th e  s o lu t io n  e x t ra c te d  w ith  chloroform  and th e  ch lo ro ­
form s o lu t io n  washed w ith  aqueous sodium hydroxide and w ate r ,  and 
d r ie d  over anhydrous sodium su lp h a te .  Removal o f  the  so lv en t 
gave an o i ly  re s id u e  which could not be p u r i f i e d  by c r y s t a l l i s a t ­
io n .  The in f r a r e d  spectrum (Vmax. 3480, 1640, 1605 cm.~^) 
in d ic a te d  t h a t  t h i s  p roduct was impure s t a r t i n g  m a te r ia l .
More f o rc in g  c o n d i t io n s  f o r  th e  b e n z y la t io n  were employed 
but no pure benzyloxy m a te r ia l  could be i s o l a t e d .
6-Benzylo x y - 5 -o x o - l ,3 ,4 ,5 - te t r a h y d ro b e n z [c ,d ] in d o le  (CXVIl).«
6 -B e n z y lo x y -5 -o x o - l ,2 ,2 a ,3 ,4 ,5 ~ Eexahydrobenz [c ,d ] in d o le  (2 .5  g .)
in  methylene c h lo r id e  (200 m l.)  was shaken fo r  24 h r .  a t  room 
tem pera tu re  w ith  a c t iv e  manganese d i o x i d e ^ ^  (10 g .)*  The mix­
tu r e  was th en  f i l t e r e d ,  th e  manganese d io x id e  e x t r a c te d  i n  a 
Soxhlet e x t r a c to r  u s in g  methylene c h lo r id e  and th e  combined 
methylene c h lo r id e  s o lu t io n  washed w ith  2N h y d ro c h lo r ic  a c id  and 
w ate r, and d r ie d  over anhydrous sodium s u lp h a te .  The so lv e n t 
was removed a t  reduced p re s s u re ,  th e  re s id u e  shaken w ith  benzene, 
f i l t e r e d  to  remove an in s o lu b le ,  h igh  m e lt in g  s o l id  and th e  
benzene -  s o lu b le  m a te r ia l  chromatographed on s i l i c a  g e l .
- 1 1 2 -
E lu t io n  w ith  chloroform  gave a c r y s t a l l i n e  s o l i d ,  which was r e ­
c r y s t a l l i s e d  from benzene to  give 6 -benzy lo x y -5 -o x o - l ,3 94»5- 
te trah y d ro b en z  fc ,d ] in d o le  ( l . l  g . ,  44$) > m.p. 152-155*5° (Pound:
C, 78 .1 ; H, 5 . 3 . Cl 8 H N02 r e q u i r e s  C, 77-9; H, 5-45%);
■Vmax. 3480, 1670, 1600 cm.
6-Benzylox.y-5-oxo-l, 3? 4 1 5-tetra.hydrobenz Cc^d]indole Oxime 
( CXVIIl)«- 6 -3enzy loxy-5-°s:o~1 > 3>4* 5~‘t;e't nahydrobenz [c ,d ]  in d o le
(0 .3  g*) i n  e th an o l (15 m l.)  v/as hea ted  under r e f lu x  fo r  30 min. 
w ith  hydroxylamine h yd roch lo ride  (0 .2  g .)  and sodium a c e ta te  (0 .4  g«) 
in  w ater  (7 m l . ) .  Much of th e  so lv en t was removed a t  reduced 
p r e s s u re ,  excess w ater  added and th e  s o l id  th u s  p r e c i p i t a t e d  was 
f i l t e r e d  o f f ,  washed w ith  w ate r  and r e c r y s t a l l i s e d  from e th a n o l to  
give 6 -benzy lo xy -5 -oxo -l,  3 ? 4 ,5 - te trah y d ro b en z  fc»d3indole oxime 
(0 .27  g*> 8550) ,  m.p. 220° (decomp.) (Pound: . C, 73*6; H, 5*6*
C18H16N2°2 reclu i r e s  c ’ 74*°5 H’ 5*5/0; Vmax. (N ujol) 3430,
3170, 1600 cm.” 1
6-Hydroxy-5~oxo-l,3?4»5 - te trah y d ro b en z C c ,d ] in d o le  ( CIX). —
6 -B en zy lo x y -5 -o x o -l ,3 > 4 > 5 -te trah y d ro b en z[c ,d ] in d o le  (0 .2  g . )  i n  
methanol (12 m l.)  was shaken in  an atmosphere of hydrogen w ith  
pallad ium  on carbon (0 .1  g .)  u n t i l  no more hydrogen was absorbed . 
A f te r  removal o f  th e  c a t a l y s t  th e  f i l t r a t e  was evapora ted  to  
d ryness  and th e  re s id u e  r e c r y s t a l l i s e d  from benzene to  g ive 6— 
h y d ro x y -5 -o x o - l ,3>4>5“^etrahydrobenz £ c ,d j in d o le  (0 .11  g . ,  81$),
m.p. 192-195°
1 , 4-P iace to x y cy c lo h ex an e . -  C yc lohexane-1 ,4 -d io l was a c e ty l -  
a ted  w ith  a c e t i c  anhydride to  give th e  d ia c e t a t e  in  40$ y ie ld ,  
m.p. 101-103 ( l i t . ,  1 102-103).
4 - A c e t o x y c y c l o h e x a n o l The d ia c e t a te  was hydro lysed  w ith  
e th a n o l ic  potassium  hydroxide and th e  product d i s t i l l e d  to  give
-1 1 3 -
th e  r e q u ire d  monoacetate i n  ^2$ y i e ld ,  b .p .  147-149/24 mm. ( l i t . , 22^
136-137?15 mm.).
4 - A c e t o x y c y c l o h e x a n o n e  (GXXV). -  Cyclohexane-1, 4 -d i  ol mono- 
a c e ta te  was o x id ise d  to  th e  ace to x y -k e to n e , u s i n g  chromic oxide, 
i n  72$ y ie ld ,  b .p .  148/24 mm. ( l i t . , 22^ 124-126/14 mm.).
p- B e n z y l o x y a n i l i n e p-B enzyloxynitrobenzene was reduced2^  
u s in g  Haney n ic k e l  and hydraz ine  h y d ra te  to  give th e  re q u ire d  
product in  85^ y i e ld ,  m.p. 35- 39*
p-B enzyloxyphenylhydrazine H ydrochloride (CXXVI). -  p -  Benz- 
y lo x y a n i l in e  was d ia z o t i s e d  and th e  p roduct reduced w ith  stannous
o
c h lo r id e  to  give th e  re q u ire d  m a te r ia l  in  46^ y ie ld ,  m .p. 180-188
( l i t . , 228 219).
3 -A ce toxy-6 -benzy loxy-l, 2 , 3 y 4 - te trah y d ro c a rb a z o le  (CXXVIl). -  
p-Benzyloxyphenylhydrazine h yd roch lo ride  (3*25 g*) and 4 -ace to x y -  
cyclohexanone (2 g . ) were h ea ted  under r e f lu x  w ith  anhydrous 
sodium a c e ta te  ( l . l  g . ) in  a c e t i c  ac id  (40 m l.)  f o r  2 h r .  The 
s o lu t io n  was cooled , poured onto w ater and th e  m ixture  e x t ra c te d  
w ith  e th e r .  The e th e r e a l  s o lu t io n  was washed w ith  w a te r ,  
aqueous b ic a rb o n a te ,  w a te r ,  and d r ie d  u s in g  anhydrous sodium 
s u lp h a te .  The e th e r  was removed a t  reduced p re ssu re  and th e  
re s id u e  r e c r y s t a l l i s e d  from aqueous e th an o l to  g ive 3 -ace to x y -  
6 -b en z y lo x y - l , 2« 3» 4 - te tra h y d ro c a rb a z o le  (3 .5  £•> 84# ) ,  m.p. 143- 
151 (Found: C, 74*9; H, 6 .3 ;  N, 4*05* ^21^21^3  re<lu^ re s
C, 75 .2 ; H, 6 .3 ; H, 4 .2 ^ ) ;  Vinax. 3475, 1725, 1595, 1250 cm .-l
3 - H y d r o x y - 6 - b e n z y l o x y - l , 2 ,  3 » 4 - t e t r a h , y d r o o a r b a z o l e  ( CXXVIII) . -  
A s o lu t io n  of 3 -& ce to x y -6 -b en zy lo x y -l ,2 ,3>4 - te tra h y d ro c a rb a z o le  
(15 g .)  in  e th an o l (300 m l.)  was h ea ted  under r e f lu x  w ith  sodium 
hydroxide (3*75 £•) i n w ater  (75 m l.)  f o r  30 min. Much of the  
so lv e n t  was removed a t  reduced p re s s u re ,  th e  rem aining  s o lu t io n
-1 1 4 -
d i lu t e d  w ith  w ate r ,  and th e  s o l id  th u s  p r e c i p i t a t e d  f i l t e r e d  o f f  
•and r e c r y s t a l l i s e d  from aqueous e thano l to  give 6-ben z.yloxy-3- 
hydroxy-1 ,2 ,3? 4 - te tra h y d ro c a rb a z o le  (12 .5  g* , 95$)» m.p. 144-147° 
(Found: C, 78 .1 ; H, 6*4* ^19^1 9 ^ 2  re<lu^r e s  77*8; H, 6. 5$ ) ;
Vmax. 3600, 3475, 1625, 1595 cm .-l
6-Benzylo x y - 3 - o x o - l , 2 , 3 ? 4 - te tr a h y d ro c a rb a z o le  (C X X IX ) . -  To 
a b o i l i n g  s o lu t io n  of 6 -b en zy lo x y -3 - iiy d ro x y -l ,2 ,3>4 - te t r a h y d ro ­
ca rb azo le  (13 .5  g*) ^<3. cyclohexanone (70 m l.)  in  to lu en e  (300 m l.)  
was added aluminium isopropox ide  (4 g*) in  to lu en e  (60 m l.)  such 
t h a t  th e  r a t e  o f  a d d i t io n  was equal to  th e  r a t e  of d i s t i l l a t i o n  
of the  to lu e n e .  D i s t i l l a t i o n  was then  con tinued  u n t i l  th e  volume 
o f  th e  s o lu t io n  was reduced to  100 ml. S a tu ra te d  aqueous sodium 
potassium  t a r t r a t e  (60 m l.)  was added, and th e  m ixture steam d i s ­
t i l l e d  to  g ive approxim ately  60 ml. d i s t i l l a t e .  The r e s id u a l  
m ixture was e x t r a c te d  v/ith chloroform  and th e  chloroform  s o lu t io n  
washed w ith  w ate r ,  d r ie d  over anhydrous sodium su lp h a te  and’ evap­
o ra te d  to  d ry n ess .  The r e s id u e  was r e c r y s t a l l i s e d  from e thano l 
to  give 6-benz;&oxy-3oxo-l,2 ,3 » 4 - te t ra h y d ro c a rb a z o le  ( 8 .4  g*, 63$), 
m.p. 161-1750 (Found: C, 78 .1 ; H, 6 .0 .  C^H^NO^ r e q u i r e s
C, 78 .3 ; H, 5 .9 $ ) ;  V m ax . 3475, 1710, 1595 cm .-l
6-Benzyloxy—3-Q3C0-1,2 ,3 f4 - te t ra h y d ro c a rb a z o le  Oxime (CXXX). —
6 -B e n z y lo x y -3 -o x o - l ,2 ,3 ,4 - te tra h y d ro c a rb a z o le  (1 .9  g*) i n e thano l 
(160 m l.)  was hea ted  under r e f lu x  w ith  a s o lu t io n  o f  hydroxy l-  
amino h yd roch lo ride  (1 .3  g*) and anhydrous sodium a c e ta te  (2 .6  g . ) 
in  w ate r  (15 m l.)  f o r  1 h r .  Much of th e  e thano l was then  removed 
a t  reduced p re s su re  and the  r e s id u a l  s o lu t io n  poured onto i c e -  
and w a te r .  The p r e c i p i t a t e d  s o l id  th u s  formed was f i l t e r e d  o f f ,  
washed v/ith w ate r  and r e c r y s t a l l i s e d  from benzene to  g ive 6-benz- 
y lo x y -3 -o x o - l ,  2 ,3  * 4 -te trahyd roc-a rbazo le  oxime (1-5 g*> 75$), m.p. 
160° (Found: C, 74*8; K, 5*6. r e q u i r e s  C, 74*5;
-1 1 5 -
H, 5*9$); A?max. 3580, 3475, 3300, 1595 cm .-l
3-A m ino-6-benzyIoxy-l,2 , 3 s 4 - te t ra h y d ro c a rb a z o le  ( CXXXl) . -
6 -3 en zy lo x y -3 -o x o -l , 2 , 3 , 4- te t r a h y d ro c a rb a z o le  oxime (2 .25  £•) i n 
sodium -dried e th e r  (250 m l.)  was hea ted  under re f lu x  with l ithium  
aluminium hydride (2 g .)  f o r  24 h r .  Water was then  c a r e fu l ly  
added to  decompose the  excess l i th iu m  aluminium hydride  and the  
r e s u l t i n g  m ixture s e p a ra te d .  The aqueous l a y e r  was e x t ra c te d  
» ' V ^  oL. O 111 U*. W kj* * ^  O w /x  1*4- O '.i i * I Oil* JulfcJ VjL W iL O ^  U  U 0  j ,
* and e x t ra c te d  w ith  2H h y d ro c h lo r ic  a c id .  The ac id  s o lu t io n  was 
washed w ith  e th e r ,  made "basic w ith  aqueous ammonia, and e x t ra c te d  
v/ith e t h e r .  The e th e r e a l  s o lu t io n  of amine was washed w ith  water,  
d r ie d  over anhydrous sodium su lp h a te  and evapora ted  to  d ry n ess .  
R e c r y s t a l l i s a t i o n  of th e  re s id u e  from "benzene gave 3-araino-6- 
"benzyloxy-1 ? 2, 3* 4—te tra h y d ro c a rb a z o le  (1 .5  g - , 71$), m.p. 131- 
135° (Found: C, 77*9; H, 6 . 5 . r e q u i r e s  C, 78-0;
H, 6 . 9$) ;  V m ax .  3475, 1625, 1595 cm.-l
The h y d roch lo r ide  was formed "by p a s s in g  dry hydrogen c h lo r id e  
through an e th e r e a l  s o lu t io n  o f  th e  amine, and was r e c r y s t a l l i s e d
o
from methanol, m.p. 238- 240.
The N- a c e t a t e  was formed in  dry p y r id in e  by t re a tm e n t  of
th e  amine w ith  a c e t i c  anhydride , and was r e c r y s t a l l i s e d  from
0 ^ ~ —1 
b en zen e , m .p. 1 5 7 -1 6 3 , A/max. 3475, 3440, 1660, 1595 cm.
3-A m ino-6-hydroxy-l,2 , 3 , 4- te t r a h y d ro c a rb a z o le  ( X L I l ) To a 
s o lu t io n  o f  3-am ino-6- b e n z y lo x y - l ,2 , 3 , 4- te t r a h y d ro c a rb a z o le  (0 .65 
g . )  i n  methanol (35 m l.)  was added 10$ pallad ium -on-carbon  (0 .3  £•) 
and th e  m ixture shaken in  an atmosphere of  hydrogen a t  room temp­
e r a tu r e  and atm ospheric  p re s su re  u n t i l  no more hydrogen was abs­
orbed. The m ixture  was th en  f i l t e r e d  f r e e  of c a t a l y s t  and the  
f i l t r a t e  evapora ted  to  d ryness to  g ive the  impure hydroxy-amine. 
T h is  m a te r ia l  was p u r i f i e d  by su b lim ation  a t  200/1 mm. to  give
— -±- x  O —
3-amin o -6 -h y d ro x y - l?2,'3? 4 ~ te tra h y d ro c a rb a zo ie  (0 .43  g* > 97$) > 
m.p. 250 (decomp.) (Found: C, 71 • £> H, 6.7* ^12^14^2^ r e Q.u^ re9
C, 71.25; H, 7 -055); A ?nax . (X ujol) 3370, 3280, 1620, 1595 cm.-1
The d ia c e t a t e  \vas formed in  p y r id in e  u s in g  a c e t i c  anhydride
o
and th e  p roduct r e c r y s t a l l i s e d  from benzene, m.p. 117-121,
Vmax. 3475, 3440, 1750, 1655, 1590 on. -1
C yclooen tane-l ,2-dior.e  Mono p-Uethoxyphenylhydrazone (CXXXIIl). -
0
To a s o lu t io n  of  sodium (6 g .)  in  e thano l (85 m l.)  a t  -20 was 
added a cold  ( - 20) m ixture of cyclopentanone (21 g . ) and e th y l  
form ate (18.5  g«). The t o t a l  m ixture was kep t a t  -20° f o r  30 min.
o
and then  overn igh t a t  0 . The p r e c i p i t a t e  which s e p a ra te d  on 
s ta n d in g  was d is s o lv e d  in  ic e  and w ater and th e  r e s u l t i n g  s o lu t io n  
n e u t r a l i s e d  w ith  aqueous a c e t i c  ac id  and slowly added to  a s t i r r e d
o
s o lu t io n  o f  p-methoxyphenyldiazonium hydroxide m ain ta ined  a t  0 .
The d iazo  s o lu t io n  was p rep ared  by t re a tm en t o f  p - a n i s id in e  
(24 .5  g*)» in  6N h y d ro c h lo r ic  ac id  (95 m l.)  a t  0°, w ith  sodiura 
n i t r i t e  ( l6  g . )  in  w ater (40 m l.)  and n e u t r a l i s e d  w ith  aqueous 
sodium hydrox ide. The red  p r e c i p i t a t e ,  formed on a d d i t io n  of the  
cyclopentanone and e th y l  form ate s o lu t io n  to  p-m ethoxyphenyldiaz­
onium hydroxide, was c o l le c te d ,  washed w ith  w ater and r e c r y s t ­
a l l i s e d  from e th an o l to  g ive c y c lo p e n ta n e - l ,2 -d io n e  mono-p-meth-
oxyphenylhydrazone (26 g . , 48$) (based  on cy c lo p en tan o n e) , 
o t A q  0
m.p. 189-190 ( l i t . ,  * 189-190) (Found: C, 66.2; H, 6 . 7 . C alc,
fo r  C12H14N202* 0, 66.0; H, 6 .5 $ ) .
7-M ethoxy-3-os:o-l, 2,3? 4 - te tra h y d ro c y c lo p e n t  [b j in d o le  (CXXXIV) . -  
C y c io p en tan e - l ,2 -d io n e  mono p-methoxyphenylhydrazone (5 g . ) v/as 
h ea ted  under r e f lu x  w ith  10$ aqueous su lp h u r ic  ac id  ( 5 5  m l.)  f o r  
45 min. A f te r  co o lin g , th e  p r e c i p i t a t e d  b lack  s o l id  was c o l l e c t ­
ed and r e c r y s t a l l i s e d  from e th an o l to  g ive 7-m0th o x y -3 -o x o - l ,2 , -  
3 , 4- te t r a h y d ro c y c lo p e n t [b j in d o le  (1 .5  £• > 33$) > m.p,. 267-268
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( l i t . , 189 2 6 8 ) (Found: C, 71 .4 ; H, 5*6* C alc, f o r  C12H1 NO *
C, 71*6; H, 5 . 5%); V max. 3480, 1675 cm. ^ V max. (N ujol)
3150, 1690, I 65O cm. ^ The y ie ld  of p roduct in  t h i s  r e a c t io n  
was v a r ia b le  and 33$ r e p r e s e n ts  th e  maximum y ie ld  o b ta in ed .
Other r e a c t io n  c o n d i t io n s  and r e a c t io n . t im e s  were employed but 
those  d e sc r ib ed  above were found to  be optimum.
7-Methoxy-3- o x o - l , 2 , 3 ? 4- te tra h y d ro c y o lo p en t[b ]  in d o le  Oxime 
(CXXXV) . -  7 -H e th o x y -3 -o x o - l ,2 , 3 , 4 - te t r a h y d ro c y c lo p e n t [b ] in d o le  
(0 .5  g . )  was hea ted  under r e f lu x  w ith  hydroxylamine h y d ro ch lo r id e  
(3*7 g*) in  p y r id in e  (50 m l.)  f o r  30 h r .  The m ixture was allowed 
to  coo l,  poured onto ic e  and w ater  and th e  s o l id  p r e c i p i t a t e d  
f i l t e r e d  o f f  and r e c r y s t a l l i s e d  from e th an o l to  give 7-methoxy- 
3 -o x o - l , 2 , 3 , 4 - te tra h y d ro c y c lo p e n t[b ]  in d o le  oxime (3 .8  g . ,  88$)
o
(based on s t a r t i n g  m a te r ia l  consumed), m.p. 212-214 (Found:
C, 66.5; H, 5 ,4 .  C12H12N2°2 re<lu i r0 s  C> ^8 .6 ; H, 5 .6 $ ) ;
Vmax. 3580, 3470, 3240, 1645 cm.-1
The e th a n o l io  mother l iq u o r s  on c o n c e n tra t io n  gave s t a r t i n g  
m a te r ia l  (0*97 g *)•
3-Araino-7-aiethoxy-l, 2 , 3 , 4 - te tra h y d ro c y c lo o e n t  [b] in d o le  
( CXXXVl). -  7 -M ethoxy-3-oxo-l,2 ,3 ,  4 - te t r a h y d ro c y c lo p e n t [b ] in d o le  
oxime (0 .5  g*) was re f lu x e d  w ith  l i th iu m  aluminium hydride  (0 .5  g . )  
in  dry  te t r a h y d ro fu ra n  (40 m l.)  f o r  19 h r .  The m ix ture  was 
cooled , w ate r  c a r e f u l ly  added to  decompose excess l i th iu m  alumin­
ium h y d rid e , and th e  te t r a h y d ro fu ra n  removed a t  reduced p r e s s u re .  
The r e s id u a l  m ix ture  was e x t r a c te d  w ith  e th e r  and th e  e th e r e a l  
s o lu t io n  washed w ith  w ate r ,  d r ie d  over anhydrous sodium su lp h a te ,  
and evapora ted  to  d ry n ess . R e c r y s t a l l i s a t i o n  of th e  r e s id u e  
from benzene gave 3-am ino-7-m ethoxy-l,2 ,3 » 4 - te t r a h y d ro c y c lo p e n t-  
[b] in d o le  (0 .23  g*, 49$) > m*-P* 151-157 (Found: C, 70 .9 ; H, 6.7*
^12^14^ 2^ reclu^ r6S 71*25; H, 7*0$); "V max. 3470, 3370,
1625, 1585 cm.-1
-118 -
Atteraoted T em ethyla tion  of 3-Amino-7-methoxy-l, 2, 3 , 4 - t e t r a ­
hydrocycl opent [b ]indo le  (CXXXVl). -  Method The methoxy-
amine (0 .25  g . )  was hea ted  under r e f lu x  w ith  a m ixture  of  g l a c i a l  
a c e t i c  ac id  (30 m l.)  and co n cen tra ted  hydrobromic ac id  (10 m l.)  
f o r  3 h r .  The r e s u l t i n g  dark  coloured  s o lu t io n  was poured onto 
ic e  and w ate r,  n e u t r a l i s e d  w ith  sodium b ic a rb o n a te ,  and e x t r a c te d  
w ith  chloroform  in  a continuous e x t r a c to r .  A f te r  washing and 
d ry in g  th e  chloroform  s o lu t io n ,  i t  was evapora ted  to  d ryness  to  
g ive a re s id u e  (0 .07  g*), th e  in f r a r e d  spectrum of which possessed  
no a b so rp tio n  a t t r i b u t a b l e  to  the  in d o l i c  N-H in  th e  3470 cm.”^ 
re g io n .
The com position o f  th e  a c id  m ixture and th e  r e a c t io n  tim e 
were v a r ie d  bu t none o f  the  re q u ire d  hydroxy-amine (XLVIIl) was 
i s o l a t e d .
Method The methoxy-amine (0 .11 g .)  was hea ted  under r e f lu x
in  benzene (50 m l.)  w ith  f i n e ly  d iv id e d  anhydrous aluminium 
c h lo r id e  (0 .3  g*) f o r  12 h r .  The m ixture was cooled , w ater  added 
and th e  b lack  p r e c i p i t a t e  (0 .08  g . ) t h u s  formed f i l t e r e d  o f f ,  
washed and d r ie d .  T h is  m a te r ia l  was in s o lu b le  i n  aqueous sodium 
hydroxide and o rg an ic  s o lv e n ts ;  the  i n f r a r e d  spectrum (N ujol) 
possessed  no a b so rp tio n  a t t r i b u t a b l e  to  th e  in d o l i c  N-H. The 
f i l t r a t e  was s e p a ra te d ,  the  aqueous l a y e r  n e u t r a l i s e d  w ith  sodium 
b ic a rb o n a te ,  washed w ith  benzene and th e  combined benzene s o lu t io n  
washed w ith  w a te r ,  d r ie d  over anhydrous sodium su lp h a te  and evap­
o ra te d  to  d ry n ess .  The o i ly  r e s id u e  (0 .02  g . )  was in s o lu b le  in  
aqueous sodium hydroxide and th e  in f r a r e d  spectrum in d ic a te d  th a t  
i t  was impure s t a r t i n g  m a te r ia l .
The r e a c t io n  was rep ea ted  u s in g  carbon d isu lp h id e  and n i t r o ­
benzene as s o lv e n ts  in  p lace  o f  benzene, and the  r e a c t io n  tim es 
were v a r ie d ,  but none o f  th e  re q u ire d  p roduct was i s o l a t e d .
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2Method C. The methoxy-amine (0 .2  g .)  was in t im a te ly  mixed 
w ith  p y r id in e  h y d roch lo r ide  (0 .6  g . ) and hea ted  under n i t ro g e n  a t  
140 f o r  4 h r .  Water was added to  th e  cooled m ixture and th e  
b lack  p r e c i p i t a t e  (0 .16  g .)  th u s  formed f i l t e r e d  o f f ,  washed and 
d r ie d .  The in f r a r e d  spectrum and th e  s o l u b i l i t i e s  o f  t h i s  mat­
e r i a l  were s im i la r  to  th o se  o f  th e  b lack  s o l id  d esc r ib e d  in  
method B. S im ila r ly  n e u t r a l i s a t i o n  and chloroform  e x t r a c t io n  o f  
th e  aqueous f i l t r a t e  gave, a f t e r  removal o f  chloroform , a re s id u e  
(0 .04  g .)  s im i la r  to  t h a t  thought to  be s t a r t i n g  m a te r ia l  i n  
method B. S h o r te r  r e a c t io n  tim es and low er r e a c t io n  tem p era t­
u re s  merely in c re a se d  th e  y ie ld  o f  impure s t a r t i n g  m a te r ia l  i s o ­
l a t e d  from th e  n e u t r a l i s e d  aqueous phase .
Method D. To a s o lu t io n  o f  th e  methoxy-amine (0 .2  g . ) i n  d ry  
methylene c h lo r id e  (40 m l.)  cooled to  -80 was added boron t r i ­
bromide (0 .5  n i l . ) ,  and th e  m ix ture  k ep t a t  -80 f o r  30 min. The 
s o lu t io n  was allowed to  a t t a i n ,  and remain a t ,  room tem pera tu re  
f o r  a f u r th e r  3 h r .  On c a re fu l  a d d i t io n  o f  w ater  a b lack  s o l id  
was p r e o ip i t a t e d  w ith  i n f r a r e d  spectrum and s o l u b i l i t y  c h a ra c te r ­
i s t i c s  s im i la r  to  those of th e  b lack  s o l id s  o f  methods B and C. 
A fte r  removal o f  t h i s  m a te r ia l  th e  aqueous f i l t r a t e  was washed 
w ith  e th e r ,  n e u t r a l i s e d  w ith  sodium b ic a rb o n a te ,  and th e  f in e  
p r e c i p i t a t e  th u s  formed taken  up in to  ch loroform . T h is  s o lu t io n  
was washed w ith  w ate r ,  d r ie d  over anhydrous sodium su lp h a te ,  and 
evapora ted  to  d ryness  to  give a t r a c e  o f  impure yellow  s o l id ,
o
m.p. 180-190. T h is  m a te r ia l  was in s o lu b le  i n  w ate r ,  had low 
s o l u b i l i t y  i n  o rgan ic  s o lv e n ts ,  but was r e a d i ly  so lu b le  in  
aqueous ac id  and b ase .  I n s u f f i c i e n t  o f  t h i s  m a te r ia l  was o b ta in ­
ed to  achieve a complete c h a r a c t e r i s a t i o n .
INTRODUCTION
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The r e a l i s a t i o n ,  e a r ly  i n  t h i s  ce n tu ry , t h a t  many o rg an ic  
su b s tan ces  were s e n s i t iv e  to  l i g h t  aroused co n s id e rab le  i n t e r e s t  
and t h i s  has le d  to  th e  development o f  a novel and now r a p id ly  
expanding branch o f  chem istry . S evera l e x c e l l e n t  r e v ie w s ^ '* ’ 
o f  pho tochem istry  are  a v a i la b le ,  and more s p e c ia l i s e d  review s
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d e a l in g  w ith  pho tob io logy  and r e l a t e d  a sp e c ts  o f  photo­
chem istry  have r e c e n t ly  been p u b lish e d .  The in t ro d u c t io n  o f  a 
Jo u rn a l  o f  Pho tochem istry  and P ho tob io logy , f i r s t  p u b lish ed  in  
'1962, r e f l e c t s  th e  i n t e r e s t  which has been shown in  t h i s  f i e l d  
o f  s tu d y .
Since th e  e a r ly  s tu d ie s  o f  Ciamician and S i lb e r ,  and P a te ra o
u s in g  su n l ig h t  as th e  energy source , u l t r a v i o l e t ,  v i s i b l e ,  and
even f lu o re s c e n t  l i g h t  have a lso  been shown to  induce s t r u c t u r a l
m o d if ic a t io n s  in  l i g h t - s e n s i t i v e  m o lecu les . The a v a i l a b i l i t y  o f
a v a r i e ty  o f  h igh  i n t e n s i t y  u l t r a v i o l e t  sou rces  coupled w ith
t h e i r  convenience i n  use now make u l t r a v i o l e t  i r r a d i a t i o n  a
p r a o t i c a l  tech n iq u e  of g enera l a p p l ic a t io n .  Mercury a rc  lamps
have been employed w idely  f o r  t h i s  pu rpose . L ig h t - s e n s i t iv e
m olecules p o ssess  s t r u c t u r a l  f e a tu r e s  termed chromophores whioh
absorb in c id e n t  l i g h t  o f  p a r t i c u l a r  f re q u e n c ie s .  The energy gain
a s s o c ia te d  w ith  t h i s  p ro cess  r a i s e s  th e  molecule to  an e x c i te d
s t a t e  and g e n e ra l ly  in v o lv e s  th e  t r a n s i t i o n  of n o r  vr e l e c t ro n s
from th e  ground s t a t e  to  an tib o n d in g  Tr o r b i t a l s .  Although o th e r
e l e c t r o n ic  t r a n s i t i o n s  a re  a ls o  known to  occur on ab so rp tio n  o f
*l i g h t ,  th e se  two fundamental p ro c e s se s ,  r e f e r e d  to  as n-*Tr and
Tr Tr* t r a n s i t i o n s ,  are  g e n e ra l ly  regarded  as be ing  re s p o n s ib le
f o r  most o f  th e  commonly encountered  photochem ical r e a c t i o n s .  A
n o ta b le  exoep tion  i s  th e  n-» cr* t r a n s i t i o n  thought to  be invo lved
2 4 9i n  th e  p h o to ly s is  o f  halogeno compounds. D is s ip a t io n  of  th e  
e x c i t a t io n  energy may occur by a v a r i e ty  o f  p ro c es se s i  th e  energy 
may be wholly o r  p a r t i a l l y  oonverted in to  therm al energy by
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c o l l i s i o n ,  i t  may be r e - e m i t te d  as f lu o re sc e n c e  o r  phosphorescence, 
o r  f i n a l l y  i t  may be u t i l i s e d  in  bond r e d i s t r i b u t i o n  a s s o c ia te d  
w ith  photochemical r e a c t io n s  in v o lv in g  s t r u c t u r a l  rearrangem en t, 
a d d i t io n  o r  f ra g m en ta tio n .
These photochem ical p ro c e s se s  are  g e n e ra l ly  reg a rd ed , and 
d iag ram m atica lly  re p re s e n te d ,  as in v o lv in g  r a d ic a l  s p e c ie s ,  but
250th e  p r e c i s e  n a tu re  o f  th e  in te rm e d ia te s  i s  s t i l l  in  some doubt* 
th e  d a ta  o b ta in ed  from s te r e o s p e c i f io  rearrangem en ts  may be 
accounted f o r  by s t a b i l i s e d  r a d ic a l  in te rm e d ia te s  o r  by synchron­
ous p ro c e s se s .
Although l ig h t - in d u c e d  r e a c t io n s  a re  of fundamental i n t e r e s t  
and are  now known to  have some p re p a ra t iv e  va lue  in  o rgan ic  chem­
i s t r y ,  they  do a lso  p re se n t  c e r t a in  problem s; u n le s s  adequate 
p r o te c t io n  i s  p rov ided  a g a in s t  l i g h t ,  f o r  example, th e se  photo­
chemical p ro c e s se s  le a d  to  th e  decom position o f  l i g h t - s e n s i t i v e  
su b s tan ces  d u r in g  s to ra g e .  Coloured g la s s  b o t t l e s  and opaque 
c o n ta in e rs  such as aluminium or card  are  o f te n  employed f o r  th e  
p r o te c t io n  o f  such su b s tan ce s ,  and s t a b i l i s e r s  which d ec rease  
th e  r a t e  o f  decom position have a lso  been added to  o e r t a in  prep­
a r a t i o n s . ^ ^
Drugs, o f te n  q u i te  complex m olecu les , f r e q u e n t ly  p o ssess  
absorb ing  chromophores which ren d e r  them l i g h t - s e n s i t i v e  and th e  
s to ra g e  o f  th e se  subs tances  i s  o f  p a r t i c u l a r  concern s in c e  the  
decom position p roduo ts  f r e q u e n t ly  have pharm acolog ical p r o p e r t i e s  
markedly d i f f e r e n t  from th o se  of  th e  p a re n t  drug . Severa l 
r e p o r t s  o f  changes in  pharm acological a c t i v i t y  of p r e p a ra t io n s  
on exposure to  l i g h t  have been made, bu t in  r e l a t i v e l y  few 
in s ta n o e s  have th e se  i n v e s t ig a t io n s  been fo llow ed up by s t r u c t u r a l  
d e te rm in a t io n s  o f  th e  p ro d u c ts .  In  th e  presenoe o f  a i r ,  th e  
problems a s s o c ia te d  w ith  th e  s to rag e  o f  l i g h t - s e n s i t i v e  substances
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are  f u r t h e r  com plicated as c e r t a in  compounds, p a r t i c u l a r l y  th o se  
p o s se s s in g  u n s a tu ra te d  c e n t r e s ,  undergo pho tochem ica lly -induced  
ox ida tion*  The w ell documented d e t e r i o r a t i o n  o f  ch lorprom azine , 
f o r  example, i s  thought to  be th e  r e s u l t  o f  p h o to -o x id a t io n ,  as 
i s  the  w ell known c o lo u ra t io n  and decom position o f  amines on 
exposure to  l i g h t  and a i r .  The p ro cesses  invo lved  in  photo­
chemical o x id a t io n  have been e x te n s iv e ly  s tu d ie d  and se v e ra l  
252rev iew s  ^ have appeared in  th e  l i t e r a t u r e  on t h i s  su b jec t*  I t  
w i l l  n o t ,  t h e r e f o r e ,  be d isc u sse d  f u r th e r  in  t h i s  b r i e f  o u t l in e  
o f  photochem ical processes*
C e rta in  su b s tan c e s ,  unable to  absorb l i g h t  d i r e c t l y ,  have 
been shown to  undergo l ig h t - in d u c e d  s t r u c t u r a l  changes in  th e  
p resence  of a s e n s i t i s e r ,  a substance capable o f  abso rb ing  l i g h t  
and t r a n s f e r i n g  th e  energy to  th e  non-abso rb ing  species*  Low 
c o n c e n tra t io n s  o f  s e n s i t i s e r s  are  g e n e ra l ly  s u f f i c i e n t  f o r  photo­
s e n s i t i s a t i o n s ;  th e se  may be im p u r i t ie s  in  th e  non-abso rb ing  
m a te r ia l ,  o r ,  in  drug p r e p a r a t io n s ,  a d d i t i t i v e s  such as c o lo u r in g  
agents* F o l ic  a c id ,  in  p r e p a ra t io n s  c o n ta in in g  small q u a n t i t i e s
of  r i b o f l a v in ,  i s  pho tochem ica lly  decomposed w ith  sim ultaneous
251re d u c t io n  o f  th e  r i b o f l a v in .   ^ R ib o fla v in  has a s im i la r  s e n s i -  
254t i s i n g  e f f e c t  '  in  m ix tu res  of  th e  v itam in  and a s c o rb ic  ac id  
which are  a lso  degraded on exposure to  su n lig h t*
Although some m olecu les , on exposure to  l i g h t ,  m erely polym­
e r i s e ,  o th e rs  undergo d i s c r e t e  p ro cesses  which le a d  to  w ell 
d e f in e d  p ro d u c ts .  These f re q u e n t ly  p o ssess  h ig h ly  s t r a in e d  
s t r u c t u r e s  which have proved d i f f i c u l t  to  s y n th e s is e  by conven tiona l
chemical procedures* One such rearrangem ent i s  t h a t  o f  c i s -
2551 ,2 -d ih y d ro p h th a l ic  anhydride (CXL) which on p h o to ly s is  
y i e ld s  th e  b ridged  s t r u c tu r e  CXLI and on subsequent t rea tm en t
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w ith  le a d  t e t r a a c e t a t e  g iv es  b ic y c lo [2 , 2 , 0] h e x a -2 ,5 -d ie n e  ( CXLII), 
.the f i r s t  sy n th e s is  o f  a “Dewar benzene" s t r u c t u r e .
o
P ---- o
H 6
CXL CX LI CXLII
fig* 2 6
The environment of  a molecule has a co n s id e rab le  e f f e c t  upon 
the  course o f  a photochem ical r e a c t io n s  i n  th e  s o l id  phase , due 
to  th e  f ix e d  o r i e n ta t io n  o f  th e  m olecules in  th e  r i g i d  c r y s t a l  
l a t t i c e ,  i n t e r a c t i o n s  a re  l im i te d  to  those  in v o lv in g  c e n t r e s  
which are  c lose  to g e th e r ,  whereas in  s o lu t io n  t h i s  l i m i t a t i o n  no 
lo n g e r  e x i s t s  as th e  m olecules p o ssess  a g r e a t e r  degree o f  f r e e ­
dom and consequently  o th e r  r e a c t io n s ,  excluded in  th e  s o l i d  s t a t e ,  
f r e q u e n t ly  predom inate. The n a tu re  of  th e  so lv en t employed in  
s o lu t io n  p h o to ly ses  o f te n  d e te rm ines  which r e a c t io n s  a re  most 
favoured# C e r ta in  s o lv e n ts ,  such as a lc o h o ls ,  may be chem ica lly  
invo lved  in  th e  pho to-induced  r e a c t io n  w hile  o th e r s ,  such as 
s a tu r a te d  hydrocarbons, be ing  more i n e r t ,  simply form a d is p e r s io n  
medium f o r  the  m a te r ia l  under i n v e s t i g a t i o n .  S o lven ts  which 
them selves absorb in  th e  u l t r a v i o l e t ,  such as acetone and benzene, 
are  known to  ac t  as s e n s i t i s e r s .  The p o s s i b i l i t y  t h a t  some 
so lv e n ts  may have an i n d i r e c t  e f f e c t  upon th e  r e a c t io n  by s t a b i l ­
i s i n g  c e r t a in  in te rm e d ia te s  should no t be excluded. The concen­
t r a t i o n  of  m a te r ia l ,  as w ell  as th e  n a tu re  of the  s o lv e n t ,  i s  
im portan t in  i n v e s t ig a t io n s  c a r r i e d  out i n  s o lu t io n ;  d i l u t e  
s o lu t io n s  tend  to  favour i n t e r a c t i o n  w ith  th e  so lven t o r  i n t r a ­
m olecu lar  rearrangem ents , whereas in  more co n cen tra ted  s o lu t io n  
in te rm o le c u la r  r e a c t io n s ,  o f te n  r e s u l t i n g  in  d im e r is a t io n ,  a re  
more oommonly encoun tered .
The a b so rp tio n  of l i g h t  and th e  subsequent r e a c t io n s  which
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tak e  p la c e ,  l a r g e ly  depend upon th e  n a tu re  o f  th e  abso rb ing  
chromophore; i t  i s  l o g ic a l  th e r e fo r e  to  d is c u s s  photochem ical . 
t r a n s fo rm a tio n s  in  term s o f  th e se  s t r u c t u r e s .  The photochem ical 
r e a c t io n s  of  drug m olecules p o sse ss in g  w ell in v e s t ig a te d  chromo- 
phores such as carbon-carbon  double bonds, i s o l a t e d  and con jugated  
aldehydes and k e to n es ,  and arom atic  c e n t r e s  a re  d isc u sse d  under 
th e se  head ings, w hile l i g h t - s e n s i t i v e  drug m olecules which p o ssess  
o th e r  abso rb ing  chromophores a re  cons idered  in  th e  f i n a l  s e c t io n  
e n t i t l e d  m isce llan eo u s  t r a n s fo rm a t io n s .
Carbon-carbon double bonds.
Compounds p o s se s s in g  only  i s o l a t e d  carbon-carbon  double bonds 
capable of ab so rb in g  l i g h t  a re  n o t ,  in  g e n e ra l ,  l i g h t - s e n s i t i v e .  
S u i ta b ly  s u b s t i tu t e d  u n sa tu ra te d  m olecu les , however, in  which th e  
double bond i s  conjugated  w ith  an a d d i t io n a l  ce n tre  o f  u n s a tu r a t ­
io n ,  do absorb u l t r a v i o l e t  l i g h t  and are  su b je c t  to  photochem ical 
e x c i t a t i o n .  The most commonly encountered  rearrangem ent o f  th e se  
substances  i s  c i s - t r a n s  is o m e r is a t io n  about th e  double bond to  
g ive an-equal ib rium  ini x tu re  o f  th e  two iso m ers . The l e s s  s ta b le
isom er f r e q u e n t ly  p redom inates . T rans- d i e t h y l s t i l b o e s t r o l  (CX LIIl),
256on exposure to  l i g h t ,  ^ i s  i n i t i a l l y  iso m erised  to  th e  c i s  
isom er (CXLIV), and f u r th e r  i r r a d i a t i o n  y i e ld s  th e  t r i c y c l i c  d i ­
ketone (CXLV). T h is  convers ion  r e s u l t s  in  co n s id e ra b le  lo s s  in
OH O
H C
C X L I II C X L IV C X L V
fig. 27
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o e s tro g e n ic  a c t i v i t y ,  as th e  t r a n s  isom er has se v e ra l  tim es th e
257a c t i v i t y  of the  c ie  form. The Rauwolfia a lk a lo id ,  R esc inn -
pcQ
amine (CXLVI) undergoes s im i la r  i s o m e r is a t io n  about th e  double 
bond in  th e  s u b s t i t u e n t .  However, t h i s  convers ion  does no t
appear to  le a d  to  any a p p re c ia b le  change i n  pharm acological 
a c t i v i t y  o f  th e  m a te r ia l ,  bo th  isom ers a p p a re n t ly  hav ing  s im i la r  
pharm acological p r o p e r t i e s .
CXLVI
OCH
OCH
Another s im i la r  conversion  of b io lo g i c a l  im portance i s  t h a t
o f  v itam in  A-, i n  which the  a l l  t r a n s  compound i s  converted  in to
259an e q u i l ib r iu m  m ixture  o f  c i s  and t r a n s  form s, r e s u l t i n g  i n  a 
s ig n i f i c a n t  re d u c t io n  in  v ita m in  A a c t i v i t y .  Vitamin A p re c u r s ­
o r s ,  oC , (3 and t  - c a ro te n e ,  a lso  undergo s im i la r  c i s  -  t r a n s  
iso m erisa t io n s*  ct - c a ro te n e ,  f o r  example, i s  converted  from th e  
a l l  t r a n s  form in to  te n  d i s t i n c t  c i s  -  t r a n s  isom ers on exposure
*. • V.+ 260to  s u n l ig h t .
Cis — t r a n s  is o m e r is a t io n  i s  a lso  known to  be invo lved  in* —— — 26l
th e  i n i t i a l  p ro c e s se s  o f  v i s i o n .  A bsorption  o f  l i g h t  by th e
v is u a l  pigment rhodopsin  (an a d d i t io n  p roduct o f  n - c i s - r e t i n a l  
and th e  p r o te in  opsin) in d u ces  c i s  -  t r a n s  i s o m e r is a t io n  o f  th e  
h - c i s - r e t i n a l  p o r t io n  o f  th e  m olecule. T h is  photochemical 
r e a c t io n  i s  fo llow ed by a s e r i e s  of r a p id  dark  r e a c t io n s  and 
le a d s  to  v i s u a l  e x c i t a t i o n .  Although c e r t a in  of th e se  r e a c t io n s  
are  w ell understood , th e  p r e c i s e  p ro cess  which t r i g g e r s  e x c i t a t i o n  
i s  s t i l l ,  not c l e a r .
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The pho tochem ioally -induced  r e a c t io n s  o f  both  a c y c l i c '  
d ien es  and h e te ro a n n u la r  c y c l ic  d ien es  have been f u l l y  reviewed 
e lsew here , and as th e  compounds p o sse ss in g  th e se  chromophores are  
o f  l i t t l e  b io lo g ic a l  im portance , th e se  t ra n s fo rm a t io n s  w i l l  no t 
be d isc u sse d  f u r t h e r  h e re .
The t r a n s fo rm a tio n s  o f  homoannular o y c l io  d ie n e s ,  however,
a re  o f  more s ig n i f ic a n c e  in  a c o n s id e ra t io n  o f  th e  pho tochem ica lly
induced changes o f  drug m olecu les . Exposure o f  th e se  subs tances
to  l i g h t  le a d s  to  a c y c l ic  t r i e n e s  by r in g  c leavage, o r  s u b s t i tu t e d
b i c y c l o [2 , 2 ,o ]hexanes by carbon-carbon b r id g in g .  In  th e  p resence
o f  a s e n s i t i s e r ,  homoannular c y c l ic  d ie n es  have a lso  been shown
to  d im e r ise .  C e r ta in  r e a c t io n s  c h a r a c t e r i s t i c  o f  th e  homoannular
d iene  system are  ex em p lif ied  by th e  w ell in v e s t ig a te d  photochem- 
261i c a l  r e a c t io n s  o f  e r g o s te ro l  (CXLVIl). On exposure to  l i g h t  
r i n g  cleavage o f  th e  c y c l ic  d iene to  the  acy o lio  t r i e n e  occurs  to  
y i e ld  p r e - e r g o c a l c i f e r o l  (CXLVIII); subsequent therm al r e a r ra n g e ­
ment y i e ld s  v itam in  (CXLIX). The r e l a t e d  compounds, ta c h y -  
s t e r o l  (CL) and lu m is te ro l  (CLl) are  r e v e r s ib l y  formed from p r e -  
e r g o c a lc i f e r o l  by f u r t h e r  i r r a d i a t i o n .  Vitamin i s  h ea t  and 
l i g h t  s e n s i t i v e ;  therm al rearrangem ent y i e ld s  th e  s te re o iso m e rs  
p y r o c a l c i f e r o l  (CLIl) and i s o p y r o o a lc i f e r o l  (C L II l ) .  These i n  
tu r n  are  bo th  transfo rm ed  to  th e  b ic y c lo [2 ,2 ,o ]h e x e n e  d e r iv a t iv e s  
o f  gen e ra l form ula CLIV on f u r t h e r  i r r a d i a t i o n .  E rg o s te ro l  has 
a lso  been show n^^ to  undergo photochem ical d im e r is a t io n  in  
a lc o h o l ic  s o lu t io n  in  th e  p resence  o f  th e  s e n s i t i s e r s  eo s in  o r  
e ry th r o s in  to  y i e ld  b i s e r g o s t a t r i e n o l  (CLV). Of th e  photochem ical 
p ro d u c ts  o f  e r g o s t e r o l , . only v itam in  has any s i g n i f i c a n t  a n t i ­
r a c h i t i c  a c t i v i t y .
-1 2 7 -
HO
17
HO
H O
OH
CLV
H O
OHCH
CL
CH.
HO'
CLI
f ig.  2 8
HO
CL11
HO"
CXLIX HO
H
H O
C L IV
fig.
- 128-
Aldehydes and Ketones
Substances p o s se s s in g  non-con juga ted  k e to n es  have a weak 
u l t r a v i o l e t  a b so rp tio n  (G m a x .^ “ ^  a t  290m/O> and, th e r e f o r e ,  
g e n e ra l ly  undergo photo-induced  r e a c t io n s  only  s low ly . The most 
oommonly observed l ig h t - in d u c e d  r e a c t io n  o f  compounds p o s se s s in g  
t h i s  fu n c t io n  in v o lv e s  hydrogen a b s t r a c t io n  by th e  a c t iv a te d  
carbonyls t h i s  p ro cess  may be in t r a m o le c u la r  i f  th e  molecule 
p o sse s se s  a if hydrogen atom and r e s u l t s  in  th e  fo rm ation  o f  a 
oyclobu tano l d e r iv a t iv e ,  o r  in te rm o le c u la r  i f  t h i s  i s  e n e rg e t ic ­
a l l y  more fa v o u ra b le .  Oyclobutanol fo rm ation  has been observed 
in  11- and 2 0 -o x o -s te ro id s ;  in  both  examples, th e  e x c i te d  ketone 
a b s t r a c t s  a hydrogen atom from th e  ne ighbouring  an g u la r  methyl 
group; th u s  3>3-dimethoxypregnan-20-one (CLVl) i s  co nverted26"* 
in to  th e  oyclobu tano l d e r iv a t iv e  (CLVIl) p robab ly  v ia  th e  i n t e r ­
m ediate d i r a d ic a l  (CLV IIl). An a l t e r n a t i v e  pathway f o r  th e  de­
com position of  th e  d i r a d i c a l  (CLVIIl) i s  by D -r in g  cleavage to  
y i e l d  th e  ketone (CLIX). In te rm o le c u la r  hydrogen a b s t r a c t i o n  
g e n e ra l ly  in v o lv e s  th e  so lv e n t  and r e s u l t s  in  r e d u c t io n  and p in a -  
ool fo rm a t io n .266
HO
=  O
CL V I  ^  C L V II l  C L V Il
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fig.  3 0
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Cleavage o f  th e  carbon-carbon  bond a d jace n t  to  th e  carbonyl
group i s  ano ther  fav o u rab le  and commonly encountered  p ro cess  in-
th e  p h o to ly s is  o f  non-con jugated  k e to n e s .  T h is  p ro c e s s  r e s u l t s
in  frag m en ta tio n  and d ec a rb o n y la t io n  i f  th e  carbonyl i s  a te rm in a l
fu n c t io n ;  th u s  c e r t a in  19-o x o - s t e r o id s ,  on exposure to  l i g h t ,
lo s e  oarbon monoxide and y i e ld  th e  co rrespond ing  19- n o r - s t e r o i d .
Substances in  which th e  carbonyl group i s  no t te rm in a l  f re q u e n t ly
c leave  as d e sc r ib ed  above and r e a c t  w ith  h y d ro x y lic  s o lv e n ts ;
th e  co rrespond ing  ac id s  or e s t e r s  have been i s o l a t e d .  The female
268sex hormone, o es tro n e  (CLX), f o r  example, on i r r a d i a t i o n  in  
aqueous d ioxan, y i e ld s  th e  a c id  (CLXl). The in te rm e d ia te  invo lved  
in  t h i s  r e a c t io n  i s  thought to  be a d i r a d i c a l  which on i n t r a ­
m olecu lar  hydrogen a b s t r a c t io n  re a r ra n g e s  to  a k e te n e ;  subsequent 
a d d i t io n  o f  w ate r  y i e ld s  th e  a c id .
O OM
HO
CLX
IHC-OH
HO
C L X l
fig. 31
Another pathway a v a i la b le  to  th e  d i r a d i c a l ,  formed on photo­
l y s i s  of the  k e to n e , i s  recom bination  to  y i e ld  th e  s t a r t i n g  
m a te r ia l .  I f  th e  carbon atom ad jace n t to  th e  ketone i s  asymmet­
r i c a l l y  s u b s t i tu t e d  then  t h i s  recom bination  p rooess may le a d  to  
e p im e r is a t io n  a t  th e  asymmetric c e n t r e .  17-Oxo-13o^- and 17-oxo-
1 3 s t e r o i d s  are  i n t e r c o n v e r t i b l e  by exposure to  l i g h t ;  a n d ro s t -
* 269erone (CLXII), f o r  example, i s  ep im erised  to  lum iandrosterone
'(CLXIIl) under th e  in f lu e n c e  o f  l i g h t  w ith  accompanying l o s s  o f
269androgenic a c t i v i t y .
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Compounds p o sse ss in g  an c t , p  - u n s a tu r a te d  k e to n e , in  a d d i t io n  
to  undergoing th e  r e a c t io n s  c h a r a c t e r i s t i c  o f  carbon-carbon double 
bonds and non-con juga ted  k e to n e s ,  a lso  undergo a v a r i e ty  of o th e r  
t r a n s fo rm a t io n s  made p o s s ib le  by th e  c o n ju g a tio n .  In  th e  s o l i d  
s t a t e  o r  in  c o n c e n t r a te d .s o lu t io n ,  th e  most favou rab le  p rocess  
appears  to  be an in te rm o le c u la r  i n t e r a c t i o n  g iv in g  d im eric  m a te r ia l  
p o s se s s in g  a s u b s t i tu t e d  cyclobutane s t r u c t u r e .  The sex hormones 
t e s t o s t e r o n e 270 (CLXIV; R,=0H) and p ro g e s te ro n e 271 (CLXIV; R,=C0CH,) 
a re  d im erised  in  t h i s  way and complete lo s s  o f  p h y s io lo g ic a l  
a c t i v i t y  has been observed . Of th e  two p o s s ib le  modes o f  d im er- 
i s a t i o n  which e x i s t  f o r  th e se  compounds, w ith  k e to n es  "head to  
head" (CLXV) and "head to  t a i l "  (CLXVI), only  th e  l a t t e r  i s  
g e n e ra l ly  encountered  i n  s o lu t io n  p h o to ly ses  s ince  t h i s  p ro cess  
le a d s  to  a produot w ith  th e  l e a s t  s t e r i c  and non-bonded i n t e r ­
a c t io n s .
fig. 3 3
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In  th e  s o l id  phase , however, th e  c o n f ig u ra t io n  of  th e  dimer i s
determ ined by th e  o r i e n ta t io n  o f  the  m olecules i n  th e  c r y s ta l  
272l a t t i c e .  Thymine (CLXVIl), bo th  in  th e  c r y s t a l  form and in
27 3f rozen  aqueous s o lu t io n  d im erise s  in  a s im i la r  manner on 
exposure to  l i g h t  to  give CLXVIII; t h i s  p ro cess  has been shown 
to  be r e v e r s ib l e ,  th e  dimer be ing  reco n v e rted  in to 'th y m in e  by i r r ­
a d ia t io n  in  w ater  a t  room te m p era tu re .  T h is  dimer has al60  been
°rH ft
S i c e
o
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f ig.  3 4
i s o l a t e d  by h y d ro ly s is  a f t e r  i r r a d i a t i o n  o f  d eo x y rib o n u c le ic  ac id
274(D2JA) w ith  u l t r a v i o l e t  l i g h t  in  vivo and in  v i t r o . I t  i s  a lso  
p re se n t  in  b a c t e r i a  which have been i r r a d i a t e d  w ith  u l t r a v i o l e t  
l i g h t . 275
A
In  more d i l u t e  s o lu t io n ,  c e r t a in  3-oxo- &  s t e r o id s  undergo
nn C .
double bond m ig ra t io n ; t h i s  has been observed in  10c* - t e s t o s ­
te ro n e  (CLXIX), which on i r r a d i a t i o n  in  t - b u ta n o l  i s  converted  in to  
th e  co rrespond ing  non-con jugated  p ,fi - u n s a tu r a te d  ketone  (CLXX).
OH OH
CJ-XX
f i g .  3 5
The n a tu ra l  hormone, t e s to s te r o n e  (CLXXI), however, does no t r e ­
arrange  in  t h i s  simple manner but undergoes a s e r i e s  o f  more
-1 3 2 -
270complex t r a n s fo rm a tio n s  which may be r e p re se n te d  as shown in  
f i g .  36 to  y ie ld  th e  k e to n ic  p ro d u c ts  CLXXII and CLXXIII.
OH OH OH
CLXXI
OH OH
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o
f ig .  3 6
S te r o id a l  di,p> -u n s a tu ra te d  k e to n es  a lso  undergo p h o to -  
270chemical r e d u c t io n  in  many s o lv e n ts ;  t h i s  may r e s u l t  i n  th e
fo rm ation  o f  th e  co rrespond ing  s a tu ra te d  ketone o r ,  th e  fo rm ation
o f  a p in aco l p ro d u c t .  Thus 17^ - a c e to x y te s to s te ro n e ,  on i r r a d i a -  
270t io n  in  d ie th y l  e th e r  y ie ld s  th e  p in a c o l ,  w hile in  e th an o l 17(3 -  
acetoxy-5ol -a n d ro s tan -3 -o n e  i s  th e  major p ro d u c t .
The a lk a lo id  c o lc h ic in e  (CLXXIV), used in  t re a tm e n t o f  acu te  
gou t, p o sse sse s  a conjugated  t r ie n o n e  system and t h i s ,  on i r r a d i a ­
t i o n ,  undergoes carbon-carbon  c ro ss  b r id g in g  to  y ie ld  /3 - lu m ic o l-
2 7 7  2 7 8c h ic in e  (CIXXV), i t s  s te re o iso m e r  5 - lu m ic o lc h ic in e ,  and a
279product d esc r ib ed  as d - lu m ic o lc h ic in e ,  1'  now shown to  be the  
dimer o f  f i - lu m ic o lc h ic in e .  T h is  type o f  c ro ss  b r id g in g  i s  a lso  
commonly encountered  in  th e  pho tochem istry  of seven-membered 
cy c l io  conjugated  d ienones and of h ig h ly  s u b s t i tu t e d  six-membered 
c y c l io  con jugated  d ienones .
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Of p a r t i c u l a r  i n t e r e s t  in  photochem ical s tu d ie s  i s  th e  c r o s s -  
con jugated  dienone chromophore ( l ,4 -d ie n -3 -o n e )  which i s  found in  
c e r t a in  n a t u r a l l y  o cc u rr in g  and b io lo g i c a l ly  im portan t m olecu les . 
T h is  system has a t t r a c t e d  co n s id e ra b le  i n t e r e s t  and la rg e  s e c t io n s  
o f  review s have been devoted to  a c o n s id e ra t io n  o f  th e  photoohem- 
' i c a l ly - in d u c e d  t ra n s fo rm a tio n s  which occur i n  m olecules p o s se s s in g  
t h i s  chromophore. o l-Santon in  (CLXXVI) i s  one such compound 
which has been tho rough ly  in v e s t ig a te d .  This  s e sq u i te rp e n e ,  
know n^^ to  be l i g h t - s e n s i t i v e  s ince  th e  beg inn ing  of th e  c e n tu ry ,  
has been w idely  employed as an a n th e lm in t ic .  I n v e s t ig a t io n  has 
shown t h a t  th e  changes which occur on exposure to  l i g h t  a re  ex­
trem e ly  s e n s i t iv e  to  the  so lv e n t employed: in  aqueous a c e t i c
281a c id  iso p h o to sa n to n ic  la c to n e  (CLXXVIl) and p h o to sa n to n ic  ac id  
(CLXXVIIl) a re  th e  m ajor p ro d u c ts  o f  u l t r a v i o l e t  i r r a d i a t i o n  whereas
2d2i n  e th a n o l ,  lu m isan ton in  (CLXXIX), p o s tu la te d  to  be a n o n - is o -  
l a t a b l e  in te rm e d ia te  in  th e  conversion  of san to n in  into, photosan­
to n ic  ao id  in  a c e t i c  a c id ,  i s  formed. The mechanism by which lum i­
san to n in  i s  converted  in to  p h o to san to n ic  ac^Ld in  a c e t i c  ac id  hasoO
provoked co n s id e rab le  d is c u s s io n  but r e c e n t  i n v e s t ig a t io n s  
support th e  view th a t  y e t  ano ther  in te rm e d ia te ,  o f  s t r u c tu r e  CLXXX,/ ^ Q j
 ^ i s  in v o lv e d . T h is  m a te r ia l  has been i s o l a t e d  from th e  i r r a d i a ­
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t i o n  product o f  lum isan ton in  in  anhydrous d ie th y l  e th e r .  In  b a s ic
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s o l u t i o n ^ ^  th e  d im eric  m a te r ia l ,  p h o to san to n in io  ac id  (CLXXXl), 
i s  th e  major p ro d u c t .  A v a r i e ty  of p ro ce s se s  are  a lso  known to  
occur in  th e  s o l i d  s t a t e ,  bu t th e  s t r u c t u r e s  of th e  p roduc ts  
have no t been com pletely  e lu c id a te d .  Pharm acological t e s t i n g  o f
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s e v e ra l  o f  th e se  p ro d u c ts  has shown t h a t  decom position of cA-
sa n to n in  i s  p a r a l l e l e d  by a decrease  in  th e  a n th e lm in t ic  a c t i v i t y
o f  th e  p r e p a ra t io n .  C e r ta in  of th e  p ro d u c ts ,  however, have been 
287shown to  p o ssess  an ti- in f lam m a to ry  p r o p e r t i e s .
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S im ila r  p ro c e s se ss e s  to  those  invo lved  in  th e  p h o to - re a r ra n g e ­
ment of cA-santonin could account f o r  th e  known decom position of  
opthalm ic p re p a ra t io n s  of p red n iso lo n e  and methyl p red n iso lo n e  on
288exposure to  l i g h t .  In  e th a n o l ic  s o lu t io n ,  th e se  c ro ss -c o n ju g ­
a ted  dienone s t e r o id s  are  even decomposed by f lu o re s c e n t  l i g h t .
The an ti- in f lam m ato ry  agent p redn isone  a lso  p o sse sse s  t h i s  chromo­
phore, and i t s  a c e ta te  (CLXXXIl), on exposure to  u l t r a v i o l e t  l i g h t
289undergoes rearrangem ents  which a re  l a r g e ly  dependent upon the  
n a tu re  o f  th e  s o lv e n t .  In  a c e t i c  a c id ,  a rearrangem ent s im i la r  to  
t h a t  which occurs in  the  conversion  of sa n to n in  in to  iso p h o to san -  
to n io  la c to n e  ta k e s  p la c e ,  bu t in  e th an o l B - r i n g  cleavage a t  
C( occurs to  g ive th e  proposed d i r a d i c a l  ( CLXXXIIl) which on
rearrangem ent g ives  the  u n sa tu ra te d  ketone (CLXXXIV). In  d ioxan, 
a ro m a tis a t io n  occurs in  r in g  A to  y ie ld  a phenol w ith  p robab le  
s t r u c t u r e  CLXXXV.
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Aromatic Compounds
The benzene r in g ,  a lthough capable of abso rb ing  u l t r a v i o l e t
l i g h t ,  i s  n o t r e a d i ly  transform ed  in  t h i s  way: prolonged i r r a d i a t i o n
290o f  benzene (CLXXXVl), f o r  example, i s  n e c e ssa ry  f o r  i t s  convers ion , 
i n  very  low y i e ld  in to  fu lvene (CLXXXVIl). The energy absorbed by
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th e  arom atic  nucleus may, however, be t r a n s m i t te d  to  a s u i t a b le
s u b s t i tu e n t  o f  th e  r in g ,  and in  t h i s  way fu n c t io n s  which are  no t
g e n e ra l ly  regarded  as l i g h t - s e n s i t i v e  may undergo pho toohem ica lly -
induced rea rran g em en t• In  th e se  in s t a n c e s ,  th e  arom atic  nucleus
i s  e f f e c t i v e l y  a c t in g  as an " in t e r n a l  s e n s i t i s e r " *  Phenyl a c e ta te
(CLXXXVIIl), f o r  example, undergoes a "pho tochem ically -induced
291P r ie s  rearrangem ent" x on exposure to  u l t r a v i o l e t  l i g h t  to  y i e ld  
a m ix ture  o f  o rtho  ( CLXXXIX) and p a ra  (CXC) hydroxyacetophenone.
T h is  p ro cess  has been employed in  a s y n th e s is  o f  th e  a n t i fu n g a l
292g r i s e o f u lv in .
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A c e ty l s a l io y l i c  ac id  ( a s p r in ;  CXCl) i s  a lso  known to  be
293l i g h t - s e n s i t i v e ;  r e c e n t  i n v e s t ig a t io n s  have shown t h a t ,  i n
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e th a n o l, h y d r o ly s is  to  s a l i c y l i c  a c id  (CXCIl) occu rs r a th e r  than  
th e  F r ie s  rearran gem en t. In  th e  p resen oe  o f  a tr a c e  o f  a c id ,  
com plete e l im in a t io n  o f  th e  a c e to x y  group has been observed  and 
h ig h  y i e l d s  o f  b e n z o ic  a c id  (CXCIIl) have been i s o l a t e d .  The 
c lo s e  p r o x im ity  o f  th e  a c e to x y  and th e  carb onyl fu n c t io n s  and th e  
in tr a m o le c u la r  hydrogen bonding known to  e x i s t  in  a c e t y l s a l i c y l i c  
a c id  would a lm ost c e r t a in ly  be r e s p o n s ib le  fo r  t h i s  n o v e l r e a c t io n .
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P h e n o lio  e th e r s ,  such as th e  fu n g ic id e  p h en o x y a ce tic  a c id ,
are iso m e r ise d  by a p r o c e ss  an a logou s to  th e  ph otoch em ica l F r ie s
rearran gem ent; p -h y d r o x y p h en y la ce tic  a c id  and th e  la c to n e  o f  th e
orth o  isom er are th e  major p rod u cts o f  th e  l ig h t - in d u c e d  rearrange- 
294ment o f  p h en o x y a ce tic  a c id . A n il id e s  are s im i la r ly  rearran ged  
to  th e  corresp o n d in g  orth o  and para s u b s t it u t e d  a n i l i n e s .  We 
know th a t  p h en a ce tin  (CXCIV), fo r  exam ple, y i e l d s  2 -a m in o -5 -  
eth oxyacetoph en one (CXCV) as th e  major product on ir r a d ia t io n
in  e th a n o l . 295
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P o ly n u c le a r  arom atic  hydrocarbons are no t e a s i l y  transfo rm ed
by u l t r a v i o l e t  l i g h t ,  bu t d im e r is a t io n  i s  one p ro cess  which has 
296been observed: an th racen e , and the  ca rc in o g en ic  hydrocarbons
benz [a] an th racen e , 4-methylbenz [a^anthracene and 5 -^e thy lbenz  [* ]-  
an th racene  have a l l  been shown to  undergo photochem ical d im e r is a t io n .
M isce llaneous  T ransfo rm ations
A l ip h a t ic  and arom atic  amines a re  f r e q u e n t ly  s e n s i t iv e  to  
l i g h t ;  aqueous s o lu t io n s  of prim ary  a l i p h a t i c  amines, a f t e r  i r r ­
a d ia t io n ,  have been shown to  co n ta in  the  a lcoho l co rrespond ing  to
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th e  amine and ammonia. ‘ Secondary and t e r t i a r y  amines y ie ld  a
complex m ixture  of p ro d u c ts ;  d ie th y lam in e , f o r  example, i n  th e
absence o f  oxygen y ie ld s  N ,N -d ie th y lb u ta n e -2 ,3 -d iam in e , 1 ,3 -d ie th y l -
2 , 4 > 5 -tr im e th y l im id a z o l id in e ,  t e t r a e th y lh y d r a z in e ,  and N -b u t-2 -
293eny lidene-e thy lam ine*  T e tra c y c l in e  (CXCVI; H^H) and c h lo ro -
t e t r a c y c l i n e  (CXCVI; R -C l), in  m ethanol, have r e c e n t ly  been re p o r t-  
299ed to  undergo pho tochem ically -induced  deam ination  to  give 
p ro d u c ts  o f  genera l s t r u c tu r e  CXCVII; th e  t e r t i a r y  amino group 
was d e te c te d  as dim ethylam ine. The l i g h t  s e n s i t i v i t y  o f  th e  c a te -
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cholamine a d ren a lin e  i s  w ell d o c u m e n t e d ; s o l u t i o n s ,  on exposure 
to  a i r  and l i g h t ,  have reduced h y p e r ten s iv e  p r o p e r t i e s .  In  n e u t r a l  
s o lu t io n ,  a d ren a lin e  (CXCVIIl) undergoes an in t r a m o le c u la r  oxid­
a t iv e  r i n g  c lo s u r e . to  y i e ld  adrenochrome (CXCIX) which i t s e l f
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i s  f u r t h e r  polym erised to  m e la n in ^ ^  on exposure to  u l t r a v i o l e t  
l i g h t .
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G en era lly ,  l i g h t - s e n s i t i v e  p h arm aco log ica lly  a c t iv e  m olecules
on exposure to  l i g h t  y ie ld  p ro d u c ts  w ith  reduced a c t i v i t y .
However, pheny lephrine  i s  an i n t e r e s t i n g  example f o r  which th e
302converse i s  t r u e ;  in c re a se d  p re s s o r  a c t i v i t y  has been re p o r te d  
when s o lu t io n s  o f  t h i s  amine are  allowed to  stand  in  th e  p resence 
of oxygen and s u n l ig h t .  T h is  phenomenon i s  now a t t r i b u t e d  to  the  
l ig h t - in d u c e d  h y d ro x y la tio n  o f  pheny lephrine  which co n v erts  i t  
i n to  th e  more a c t iv e  a d re n a l in e .  A change in  the  pharm acological 
p r o p e r t i e s  o f  chlor. promazine on i r r a d i a t i o n  has a lso  been obser­
ved; i r r a d i a t i o n  i n  th e  absence of oxygen y ie ld s  p ro d u c ts  which 
are  repo rted*^^  to  p ossess  a s i g n i f i c a n t  anti-tumor a c t i v i t y .
Photoohem ica lly -induced  a d d i t io n  of w ater  to  c e r t a in  u n s a t ­
u ra te d  drug m olecules has a lso  been observed, and t h i s  f r e q u e n t ly  
le a d s  to  p ro d u c ts  w ith  a c o n s id e ra b ly  reduoed pharm acological 
a c t i v i t y .  The n a t u r a l l y  o c c u rr in g  a lk a lo id ,  ergotam ine (CC; 
R=peptide r e s id u e ) ,  employed in  the  t re a tm e n t o f  m ig ra in e , under­
goes such an a d d i t io n  o f  w ater to  the  C /n double bond when
304exposed to  u l t r a v i o l e t  l i g h t  in  th e  presence  o f  mild a c id .
The product i s  a m ixture o f  th e  two is o m e r ic  10-h yd roxy  d e r iv a t iv e s  
o f  g en era l s tr u c tu r e  CCI ( f i g .  4 6 ) .  The p h o to -p r o d u ct, lum i-- 
ergotam in e , has a sm all f r a c t io n  o f  th e  a c t i v i t y  o f  th e  parent  
ergo tam in e . A s im ila r  p r o c e ss  has been d e sc r ib e d  f o r  erg o m etr in e ,
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lum i-e rgom etr ine  having  one hundredth  of the  anti-5-HT a c t i v i t y  
o f  ergom etrine  on th e  i s o l a t e d  r a t  u te ru s .  1 , 3 -D im ethy lu rac il
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(CCIl) a lso  undergoes pho tochem ically -induced  a d d i t io n  o f  w ater  
to  th e  C/_ double bond to  y ie ld  p r e f e r e n t i a l l y  th e  6-hydroxy 
d e r iv a t iv e  ( C C I I l ) . 5
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Photochem ically -induced  f ragm en ta tion  i s  ano ther  p ro cess  by 
which drug m olecules may be s t r u c t u r a l l y  m odified  o r  degraded on 
exposure to  l i g h t .  Such t ra n s fo rm a tio n s  are- in e v i ta b ly  accompanied 
by change in  th e  pharm acological a c t i v i t i e s  o f  th e se  p r e p a r a t io n s .  
R ib o fla v in  (CCIV) in  n e u t r a l  s o lu t io n ,  f o r  example, i s  c leaved"^^  
to  th e  t r i c y c l i c  p roduct CCV by lo s s  of th e  sugar re s id u e  on ex­
posure to  u l t r a v i o l e t  l i g h t .  S im i la r ly ,  the  i n i t i a l  s te p  i n  th e  
photo-decom position  o f  f o l i c  ac id  (CCVI) in v o lv e s  th e  cleavage 
and lo s s  of  th e  ]?-aminobenzoylglutamic ac id  s id e  chain  to  y ie ld  
th e  p te r id in e  (C C V I l) .^ ^
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O ther drug m olecules o f  p a r t i c u l a r  im portance which are
photochem ically  decomposed in c lu d e  cyanocobalamin (v itam in
used in  th e  tre a tm en t of p e rn ic io u s  anaemia, and th e  w idely
3 0 9employed a n t i b i o t i c  cepha lospo rin  C. The b e n e f i c ia l  a c t io n  
of  cyanocobalamin i s  reduced by h a l f  and th e  a c t i v i t y  o f  cephalo­
sp o r in  C com pletely  des troyed  on exposure t o  u l t r a v i o l e t  l i g h t .  
The n a tu re  o f  th e se  pho to -p ro d u c ts  has no t as y e t  been determ ined .
DISCUSSION
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The p re s e n t  i n v e s t ig a t io n  was concerned w ith  a study o f  th e  
e f f e c t  o f  u l t r a v i o l e t  l i g h t  on c e r t a in  hormonal and r e l a t e d  
s t e r o i d s .  A medium p re s su re  mercury a rc  l i g h t  source and a quartz  
photochem ical r e a c to r  were employed. The i r r a d i a t i o n s  were c a r r ie d  
ou t in  d i l u t e  ( l e s s  than  4 mg/ml) s o lu t io n ,  to  minimise i n t e r -  
m o lecu la r  r e a c t io n s  between s t e r o i d  m olecu les, and in  an atmosphere 
o f  n i t ro g e n  to  p rev en t photochem ical o x id a t io n .  In  g en e ra l  th e  
photochem ical r e a c t io n s  were fo llow ed by in f r a r e d  sp e c tro sco p y .
C ortisone  a c e ta te  (21-A cetoxy-17-h .ydroxypregn-4-ene-3»H *2 0 - t r l o n e )
The e f f e c t  o f  u l t r a v i o l e t  l i g h t  upon th e  p h y s io lo g ic a l ly  and 
p h arm aco lo g ica lly  im portan t s t e r o i d  c o r t is o n e  was f i r s t  i n v e s t i g ­
a te d .  Like o th e r  c o r t i c o s t e r o i d s ,  c o r t is o n e  i s  sy n th e s ise d  from 
c h o le s te ro l  in  th e  ad rena l co r tex  and i t s  p resence  in f lu e n c e s  
ca rb o h y d ra te ,  p r o te in ,  f a t  and p u r in e  m etabolism . I t  a l so  a f f e c t s  
e l e c t r o l y t e  and w ate r  b a lan ce , and th e  fu n c t io n a l  c a p a c i t i e s  o f  
th e  c a rd io v a s c u la r  system, th e  nervous system, th e  k id n ey s , 
s k e l e t a l  muscle and v a r io u s  o th e r  organs and t i s s u e s .  C o r t ic o ­
s t e r o i d s  a ls o  le ad  to  th e  development i n  the  organism of r e s i s t a n c e  
to  noxious s t im u l i  and to  environm ental changes. T h e ra p e u t ic a l ly ,  
th e y  are  employed in  s u b s t i t u t i o n  th e rap y  when t h e i r  s e c r e t io n  from 
' th e  ad rena l co r te x  i s  i n s u f f i c i e n t  f o r  normal body fu n c t io n in g ,  and 
in  th e  t re a tm en t o f  ad ap tiv e  d is e a s e s  such as rheum atoid a r t h r i t i s ,  
asthma and rheum atic  f e v e r .  C o rtisone  i s  f r e q u e n t ly  employed in  
th e  t re a tm e n t  o f  th e se  d is e a s e s  in  th e  form o f  th e  1 7 -a c e ty l  
d e r iv a t i v e .
The e f f e c t s  o f  X -rays upon m ethanolic  s o l u t i o n s ^ ^  of 
c o r t i s o n e  a c e ta te  (CCVIIl) and aqueous suspensions^"*- of c o r t i s o n e  
have a l re a d y  been in v e s t ig a te d  by Coleby and Weiss and t h e i r  co­
w orkers . Unchanged c o r t is o n e  a c e ta te  and a l i t t l e  c o r t i s o n e  were 
th e  only  m a te r ia l s  i s o l a t e d  from th e  study in  m ethanol, whereas
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in  w a te r ,  c o r t is o n e  i s  r e p o r te d  to  undergo dehydroxy la tion  a t  
and C^2l )  re d u c t io n  of th e  ^  double bond.
Compounds formed by the  a d d i t io n  of  w ater to  th e  ^  double 
bond are  a lso  thought to  be p ro d u c ts  of th e  i r r a d i a t i o n .
The e f f e c t  o f  u l t r a v i o l e t  l i g h t  on a number o f  s t e r o id s ,  
s t r u c t u r a l l y  r e l a t e d  to  c o r t is o n e  a c e ta te ,  has been in v e s t ig a te d ,  
and many of th e  r e s u l t i n g  p h o to -p ro d u c ts  i s o l a t e d  and c h a ra c te r ­
i s e d .  A study  of th e  p h o to ly s i s  o f  c o r t is o n e  a c e ta te  th e re fo re  
seemed to  serve two purposes: f i r s t l y ,  i t  should in d ic a te  the
changes which might be expected  to  occur d u r in g  th e  s to ra g e  of  
t h i s  drug in  s u n l ig h t ,  and secondly , from a p u re ly  chemical view­
p o in t ,  i t  would be one l o g ic a l  e x ten s io n  to  th e  photochemical
289work a lre ad y  c a r r i e d  out in  t h i s  f i e l d .  Barton and T ay lo r 
have s tu d ie d  p h o to ly s is  o f  5 -d ih y d ro c o r t iso n e  a c e ta te  ( 21- 
ace toxy-17-hydr oxy-5ot.-pregnane-3 ,1 1 ,2 0 - t r i  one) under a v a r i e ty  
o f  c o n d i t io n s  bu t only unchanged s t a r t i n g  m a te r ia l  and a l i t t l e  
t a r  was i s o l a t e d .  More r e c e n t ly ,  however, photochemical r e a c t io n s  
in v o lv in g  th e  3 , -  l l - >  sncl 20-keto  fu n c t io n s  o f  c e r t a in  r e l a t e d  
3 - , 11 - , and 20-keto  s t e r o id s  have been shown to  take  p lace  on 
pro longed i r r a d i a t i o n .
In  th e  p re se n t  i n v e s t ig a t io n  i r r a d i a t i o n  of  c o r t is o n e  a c e ta te  
in  e th an o l gave an o i ly  p ro d u c t,  th e  in f r a r e d  spectrum o f  which 
possessed  only weak ab so rp tio n  a t  1668 cm.  ^ i n d ic a t in g  th a t  thetf,ji> 
u n sa tu ra te d  3 -ke to  fu n c tio n  was d es tro y ed  on exposure to  u l t r a ­
v i o l e t  l i g h t .  E x p lo ra to ry  i r r a d i a t i o n s  were o a r r ie d  out employing 
v a r io u s  r e a c t io n  tim es and th e s e ,  a f t e r  removal o f  th e  so lven t and 
q u a n t i t a t iv e  chromatography o f  th e  re s id u e  on alumina, in d ic a te d  
th a t  a t  l e a s t  th re e  d i s t i n c t  p h o to -p ro d u c ts  were formed (see  f i g .  
50). On n e u t r a l  alumina (grade 3) th e  f i r s t  f r a c t io n  was e lu te d  
w ith  a 4:1 benzene-chloroform  m ix tu re , th e  second in  a 1:1 
m ixture o f  th e  same s o lv e n ts ,  and th e  f i n a l  f r a c t i o n  was e lu ted
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w ith  chloroform .
( 2  hr)
POLARITY O F  E L U E N TP O L A R I T Y  OF ELUENT
fig- 5 0
Although th in  l a y e r  chromatography (T .L .C .)  in d ic a te d  t h a t  
th e  f i r s t  f r a c t io n  was predom inantly  one component, i t  could no t 
he induced to  c r y s t a l l i s e ,  even a f t e r  r e p e a te d  chromatography. 
A ttempts to  p rep are  c r y s t a l l i n e  d e r iv a t i v e s ,  o r  d e r iv a t iv e s  which 
could he ob ta ined  c r y s t a l l i n e  a f t e r  f u r t h e r  chromatography, were 
w ithou t su ccess .
The 1650-1750  ^ reg io n  o f  th e  i n f r a r e d  spectrum of
312c o r t is o n e  a c e ta te  .has heen f u l l y  i n t e r p r e t e d  and th e  maxima a t
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1748, 1728, 1705, 1668 cm. ^ a t t r i b u t e d  to  th e  a c e ta te  carbonyl, 
and th e  20-k e to ,  11-k e to  and th e  3-k e to  fu n c t io n s  r e s p e c t iv e ly .
The in f r a r e d  spectrum o f  th e  f i r s t  f r a c t i o n  (Vmax. 1740, 1705,
1235 om.“^) in d ic a te d  t h a t  t h i s  m a te r ia l ,  in  a d d i t io n  to  la c k in g  
.the u n s a tu ra te d  3-k e to  fu n c t io n ,  a lso  la ck ed  the  20-k e to  group. 
Although a b so rp tio n  a t t r i b u t a b l e  to  the  acetoxy  carbonyl was 
p r e s e n t ,  t h i s  was s h i f t e d  to  th e  lower frequency  o f  1740 cm. ^ 
A bsorption  due to  th e  11 -ke to  group appeared to  remain unchanged.
Loss of  th e  u n sa tu ra te d  3 -ke to  fu n c t io n  could occur by a
number of photochemioal p ro cesses  as o u t l in e d  in  th e  in t r o d u c t io n
(see  p .130) :  d i r e c t  re d u c t io n  to  th e  co rrespond ing  s a tu ra te d
270ketone  or re d u c t io n  and fo rm ation  of a p in a co l  a t
of  a molecule o f  e th an o l to  th e  C/ _v double bond, o r  m ig ra t io n\4 ’,Py 276
of th e  double bond out o f  co n ju g a tio n  w ith  th e  k e to  group to
g ive th e  co rrespond ing  p , t  - u n s a tu ra te d  k e to n e , are  among th e
s im p le r  p ro cesses  open to  th e  e x c i te d  m olecule . Other r e a c t io n s ,
in v o lv in g  rearrangem ent in  th e  A r in g  to  g ive cyclopropane and
270cyolopentane d e r iv a t iv e s  have a lso  been re p o r te d  f o r  -
u n s a tu ra te d  3 -ke to  s t e r o id s  (see  p .1 3 2 ) .  D im erisa tion  about th e
0, . _\ double bond to  give cyclobutane d e r iv a t iv e s  has a lso  been
270 271w idely  r e p o r te d  ’ f o r  oL, p -u n s a tu r a te d  k e to n es  bu t t h i s  
p rooess  i s  g e n e ra l ly  favoured  i n  a h ig h ly  co n cen tra ted  s o lu t io n ,  
o r  in  th e  s o l i d  s t a t e .  I t  i s  no t th e re fo r e  l i k e l y  to  be an im port­
an t p ro cess  in  th e  p h o to ly s is  o f  c o r t is o n e  a c e ta te  a t  th e  low conc­
e n t r a t i o n s  employed (<  4 mg/ml).
Loss o f  a b so rp tio n  a t  1728 cm. \  a t t r i b u t a b l e  to  lo s s  o f  
th e  20-keto  group, can be most e a s i ly  accounted f o r  by hydrogen
a b s t r a c t io n  by th e  e x c i te d  carbonyl; t h i s  p ro cess  i s  commonly 
265encountered , and a b s t r a c t i o n  from th e  ne ighbouring
angu la r  methyl group to  give a c y c lo b u ta n o l- i s  a w ell documented
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p r o c e s s .  Such a t r a n s fo rm a tio n  (see f i g .  51) > by in t ro d u c in g  a 
hydroxyl group capable of hydrogen bonding w ith  th e  neighbouring  
ca rbony l o f  th e  a c e ta t e ,  could well account f o r  th e  observed s h i f t  
i n  th e  frequency  o f  th e  21 -ace to iy  carbonyl a b s o rp t io n .  In  a d d i t io n
c h 2o c o c h 3
i~ - O H  
OH
CCVII1
f i g .  51
CCIX
t o  oyc lobu tano l fo rm ation , th e  i r r a d i a t i o n  o f  c e r t a in  2 0 -k e to -2 1 -
a o e to x y - s u b s t i tu te d  pregnanes i s  a lso  known to  y ie ld  a c e ta l  d e r iv -
^1 ^a t i v e s ;  th u s  th e  acetoxyketone (CCX), on i r r a d i a t i o n ,  y ie ld s  
th e  oyc lobu tano l (CCXI) and th e  a c e ta l  (CCXIl). No p roduct having 
th e  p r o p e r t i e s  o f  an a c e ta l  was i s o la te d  from th e  i r r a d i a t i o n  of  
c o r t i s o n e  a c e ta t e .
C c x CCXI ccxn
f ig.  5 2
The second f r a o t io n ,  ob ta ined  from th e  chromatography o f  th e  
t o t a l  p h o to -p ro d u c t,  was a c o lo u r le s s  c r y s t a l l i n e  s o l id  w ith  i n f r a ­
red  maxima a t  1748* 1728, 1705 cm.~^ and a s i g n i f i c a n t l y  reduced 
maximum a t  1668 cm.~^ The r e l a t i v e  i n t e n s i t y  o f  a b so rp tio n  a t  
1705 cm."^ was in c re a se d  over t h a t  found i n  th e  spectrum of 
c o r t is o n e  a c e ta t e .  Although th e  i n f r a r e d  spectrum and th e  m elting
-1 4 7 -
p o in t  remained unchanged, even a f t e r  rechrom atography and rep ea ted
r e c r y s t a l l i s a t i o n  from v a r io u s  s o lv e n ts ,  t h i s  c r y s t a l l i n e  s o l id  was
shown, by u l t r a v i o l e t  ab so rp tio n  measurements, to  be a m ixture of a
product la c k in g  an > £ - u n s a tu ra te d  k e to  fu n c t io n  and c o r t iso n e
a c e t a t e .  Attempts to  se p a ra te  t h i s  m ixture were u n su c c e s s fu l .  I t
was th e r e f o r e  f u r t h e r  i r r a d i a t e d  in  e th an o l and th e  p roduct i s o l a t e d
as a c r y s t a l l i n e  s o l id  a f t e r  c o n c e n tra t io n  o f  th e  e th a n o l ic  s o lu t io n .
The r e s u l t i n g  product lacked  ab so rp tio n  a t  1668 cm. ^ and was shown
to  be 5 ck-d ih y d ro c o r t iso n e  a c e ta te  by a n a ly s i s ,  mass spec trom etry ,
and by comparison w ith  an a u th e n t io  sample p repared  by c a t a l y t i c
hydrogenation  of c o r t is o n e  a c e ta te  acco rd ing  to  th e  procedure of
O liv e to ,  Gerold and H e r s h b e r g .^ ^  The 3-o x im e ^ ^  and th e  3 - 2 ' , 4 ' -
H  6d in itro p h en y lh y d razo n e  were a lso  i d e n t io a l  w ith  th e  same d e r iv ­
a t iv e s  o f  th e  a u th e n t io  sample. 5 c*-D ihydrocortisone a c e ta te  la c k s
- O H
O
C C X III
th e  im portan t pharm acological p r o p e r t i e s  o f  c o r t is o n e  a c e ta te  and 
i n  f a c t  i s  the  major m etabo lic  product o f  t h i s  c o r t i c o s t e r o id .
The t h i r d  f r a c t i o n ,  e lu te d  from the  column with chloroform , 
was a l ig h t - c o lo u re d  o i l  which could no t be ob ta ined  in  a c r y s t a l l i n e  
form. The in f r a r e d  spectrum o f  t h i s  m a te r ia l  was s im i la r  to  t h a t  
o f  the  second f r a c t i o n  in  th a t  i t  r e ta in e d  a b so rp tio n  maxima a t  
1748, 1728, 1705 cm.~^ and lack ed  a b so rp tio n  a t  1668 cm. , but 
d i f f e r e d  from the spectrum of 5 c* -d ih y d ro co rtiso n e  a c e ta te  in  th a t  
t h e r e  was no s ig n i f i c a n t  change in  th e  r e l a t i v e  i n t e n s i t i e s  o f  th e  
oarbonyl maxima from t h a t  observed i n  th e  spectrum o f  c o r t is o n e
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a c e t a t e .  In  p a r t i c u l a r  th e  i n t e n s i t y  of a b so rp tio n  in  th e  1705 cm.” 1 
reg io n  was unchanged, su g g e s tin g  t h a t  th e  l o s s  of  d  , u n sa tu ra te d  
k e to  fu n c t io n  was no t accompanied by fo rm ation  of th e  co rrespond ing  
s a tu r a te d  3 -keto  group.
Under the  c o n d i t io n s  employed fo r  the  i r r a d i a t i o n ,  lo s s  o f  the
k e to  fu n c t io n  a t  mos^ l i k e l y  to  occur by a r e d u c t io n  p ro c e s s .
The fo rm ation  o f  a p in a c o l ,  as d esc r ib ed  above, i s  one p o s s i b i l i t y
317but a t tem p ts  to  c leave  t h i s  m a te r ia l ,  u s in g  p e r io d ic  a c id ,  under
a v a r i e ty  o f  c o n d i t io n s  fu rn ish e d  no sp e c tro sc o p ic  evidence t h a t
th e  c leavage of a d io l  had o ccu rred . I t  may be concluded th e r e f o r e ,
w ith  reasonab le  c e r t a in ty ,  t h a t  t h i s  f r a c t i o n  d id  no t c o n ta in  any
ap p re c ia b le  q u a n t i t i e s  o f  a p in a c o l  product# Reduction o f  th e  3-
ketone to  th e  co rrespond ing  3-hydroxy compound i s  an o th e r  p o s s i b i l i t y ;
an analogous r e d u c t io n  has been d e sc r ib e d  by Q uinkert and h i s  00-  
2 68workers i n  which 5 c*- c h o le s t a n - 3-one was pho tochem ically  t r a n s ­
formed in to  a m ix ture  c o n ta in in g  5<=/- - o h o le s ta n -3 0C-0I and 5c* -  
oholestan-3 |$  - o l .
The i n f r a r e d  spectrum o f  th e  t h i r d  f r a c t i o n ,  showing in o re a se d  
a b so rp tio n  in  th e  3400 cm. 1 re g io n ,  and th e  in f r a r e d  spectrum o f  
th e  p roduct ob ta ined  a f t e r  tre a tm en t o f  t h i s  m a te r ia l  w ith  a c e t i c  
ao id  and a o e t io  anhydride , to g e th e r  supported  th e  view t h a t  a 
product having an a d d i t io n a l  hydroxyl group was formed d u r in g  th e  
i r r a d i a t i o n  of  c o r t i s o n e  a c e ta t e .  These o b se rv a tio n s  were c o n s is ­
t e n t  w ith  th e  photochem ical fo rm ation  o f  21-a c e to x y -3>17-cLihydroxy- 
5 cA-pregnane-11, 20-d io n e ,  b u t ,  w ithout a pure sample, th e  i d e n t i t y  
o f  t h i s  product could no t be e s ta b l i s h e d .
The t o t a l  p h o to -p roduc t o f  c o r t is o n e  a c e ta te  in  e th an o l was 
a lso  chromatographed on s i l i c a  g e l .  A pparen tly  the  same se p a ra t io n  
was achieved on t h i s  absorbent as was o b ta in ed  on th e  aluminat the  
on ly  pure c r y s t a l l i n e  m a te r ia l  i s o l a t e d  was 5 cA -dihydrocortisone
- 1 4 9 -
a c e ta te  •
O b serv a tio n s , s im i la r  to  those  d isc u sse d  above, were a lso  made 
when c o r t is o n e  a c e ta te  was i r r a d i a t e d  in  methanol r a t h e r  than  in  
e th a n o l .  A low er y ie ld  o f  th e  d ih y d ro c o r t iso n e ,  however, was i s o ­
l a t e d .  The i r r a d i a t i o n s  were a lso  rep ea ted  u s in g  a pyrex f i l t e r ,  
which f i l t e r e d  out l i g h t  w ith  wavelength 4. 300 m/A; a p a r t  from 
d e c re a s in g  th e  r a t e  o f  d isappearance  of th e  u n s a tu ra te d  k e to  fu n c t io n  
th e  f i l t e r  appeared to  have no s ig n i f i c a n t  e f f e c t  upon th e  n a tu re  
o f  th e  p ro d u c ts .
In  benzene, c o r t is o n e  a c e ta te  underwent photochemical t r a n s ­
fo rm ation  only  very  slow ly , and the  so le  p ro d u c t,  i s o l a t e d  a f t e r  
s e v e ra l  days i r r a d i a t i o n ,  was an amorphous, high m e ltin g , w hite  
s o l i d .  T h is  m a te r ia l  was in s o lu b le  in  a l l  common so lv e n ts  and could 
no t be vapourised  f o r  mass sp e c tro m e tr ic  measurement. I t  was assumed 
to  be po lym eric .
11-K etop rogeste rone  (P reg n -4- e n e - 3 . 11  ^20- t r i o n e )
In  an a ttem pt to  l e a r n  more about th e  n a tu re  o f  th e  photo­
p ro d u c ts  o f  oo tiso n e  a c e ta t e ,  the  i r r a d i a t i o n  o f  s im p le r  m olecules 
which are  c lo s e ly  r e l a t e d  to  c o r t is o n e  was undertaken . The f i r s t  
s t e ro id  s tu d ie d  was 1 1 -ke top roges te rone  (CCXIV); t h i s  substance 
la c k s  only th e  17-  and 21-hydroxy fu n c t io n s  o f  c o r t is o n e  but i s
pharm aco log ica lly  very  much l e s s  im p o r ta n t .  I t  does, however,
318p ossess  a s i g n i f i c a n t  d ia b e to g e n ic  po tency .
P h o to ly s is  o f  1 1 -ke top roges te rone  occurred  r a p id ly  in  e th an o l 
w ith  lo s s  o f  the  c*,p -u n s a tu r a te d  ke to  fu n c t io n  a t  The i r r a d ­
i a t i o n  was th e re fo r e  continued  u n t i l  th e  i n f r a r e d  spectrum o f  a 
sample com pletely  lacked  a b so rp tio n  a t  1660 cm. th e  r e s u l t i n g
pro d u c t,  i s o l a t e d  by removal of e thano l a t  reduced p re ssu re  and 
room tem p era tu re , was chromatographed on alumina (grade 3)« E lu t io n
-150 -
w ith  a m ix tu re  of  benzene and petro leum  gave, as th e  major p roduot,
5 U -p regnane-3 ,-11,2 0 - t r io n e .  T h is  m a te r ia l  was c h a ra c te r i s e d  by
319comparison w ith  an a u th e n t ic  sample, '  and by comparison of th e
320d e r iv e d  3*20-d iox im es.
c c x v
= o
o
ccxrv
fig. 5 3
Although 5 c* -p regnane-3 ,1 1 ,2 0 - t r io n e  no lo n g e r  p o sse sse s  th e
oL ,( i -u n sa tu ra te d  k e to  fu n c t io n ,  g e n e ra l ly  thought to  be im portan t
f o r  th e  b io lo g ic a l  a c t i v i t y  o f  th e se  compounds, i t  has r e c e n t ly  
321been shown to  p o sse ss  co n s id e ra b le  d e p re s so r  e f f e c t s  upon th e  
c e n t r a l  nervous system and i s  claim ed to  be s u i t a b le  as a h y pno tic , 
a s e d a tiv e  and an a n a e s th e t ic  ag en t .
In  a d d i t io n  to  th e  major p roduo t, 5<* -pregnane-3* 11 >20- t r i o n e ,  
th re e  o th e r  p roducts  were i s o l a t e d  by f u r t h e r  e lu t io n  o f  the  column 
w ith  more p o la r  s o lv e n ts .  The extrem ely  low y ie ld s  of  th e se  
a d d i t io n a l  ph o to -p ro d u o ts , however, p reven ted  t h e i r  complete ch a ra ­
c t e r i s a t i o n .  E lu t io n  w ith  benzene c o n ta in in g  a t r a c e  o f  chloroform  
gave an o i l  which, in  th e  p resence of  a l i t t l e  e th a n o l ,  d e p o s i te d  
a m ixture o f  f in e  n ee d le s  w ith  m e ltin g  p o in t  345* > and c o lo u r le s s  
cubes whioh d id  n o t m elt below 365 • The ex trem ely  low y ie ld s  of 
th e se  p roduo ts , t h e i r  h igh  m e lt in g  p o in ts ,  and the  ease w ith  which 
they  c r y s t a l l i s e d  from a low c o n c e n tra t io n ,  to g e th e r  in d ic a t e  t h a t
they  are  p robab ly  d im eric  or p o s s ib ly  po lym eric . Analogous d im er-
270 271i s a t i o n s  have been re p o r te d  9 f o r  t e s to s t e r o n e  and p r o g e s te r ­
one; th e  gen e ra l s t r u c tu r e  o f  th e  d im eric  p ro d u c ts  i s  now b e l ie v e d  
to  con ta in  a cyc lobu tane  u n i t  as shown in  CCXVI. Such ’’head to  t a i l ”
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s t r u c t u r e  could w ell  account f o r  one of our h igh  m e ltin g  p ro d u c ts ,
w hile  th e  o th e r  p ro d u c t,  i f  d im eric ,  might have the  "head to  head"
arrangem ent. A more l i k e l y  s t r u c tu r e  fo r  th e  second high  m e lt in g
270p ro d u c t ,  however, would he a p in a co l 
e a r l i e r  (see  p . 132) .
formed a t  0^ ^  as d isc u sse d
The th i r d  minor product was e lu te d ,  in  2$ y ie ld ,  from the  
column in  an equal m ixture o f benzene and chloroform . R e c r y s ta l l ­
i s a t i o n  from e th y l  a c e ta te  gave a w e l l -d e f in e d  c r y s t a l l i n e  s o l i d ,  
th e  a n a ly t i c a l  f ig u re s  f o r  which were c o n s is te n t  w ith  a d ih y d ro -11-
k e to p ro g e s te ro n e . The m e ltin g  p o in t ,  however, ru le d  out th e  p o ss -
322i b i l i t y  o f  i t  be ing  5/3 -p re g n an e -3 , 11, 20- t r i o n e  and f a i l u r e  to  
o b ta in  and. ,p-unsaturated ketone by trea tm en t w ith  base suggested  t h a t  
th e  p roduct was no t a (3 u n s a tu ra te d  ke tone  formed by double bond 
m ig ra t io n .  The in f r a r e d  spectrum in d ic a te d  t h a t  th e  m a te r ia l  poss­
essed  a hydroxyl group; as th e  product was u n l ik e ly  to  be a p in aco l
317( i t  could not be c leaved  by trea tm en t w ith  p e r io d ic  ac id  ) th e
hydroxyl group probab ly  r e s u l t e d  from oyclobutanol form ation  ( se e
p .1 2 8 ) .  Both 11- and 20-keto  fu n c t io n s  i n  s im i la r  s te r o id  m olecules,
265when photochem ically  e x o i te d ,  are  known  ^ to  be capable o f  a b s t r a c t ­
in g  a hydrogen atom from th e  neighbouring  or ^ (19)
methyl group; 11-k e to p ro g e s te ro n e ,  th e r e f o r e ,  p o sse s s in g  bo th  th e se  
k e to  fu n c t io n s ,  may form two such p ro d u c ts ,  CCXVII and CCXVIII. 
However, due to  th e  very  l im i te d  q u a n t i ty  of  m a te r ia l  a v a i la b le  
oyclobutanol fo rm ation  could not be proven.
C C X V J
OH
I
H
OH
O
H
C C X V I I ccxvm
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P ro g es te ro n e  (p regn-4 -ene-3»20-d ione)
The female sex hormone, p ro g e s te ro n e ,  i s  a s t i l l  s im pler  
s t e r o i d  molecule which r e t a i n s  c e r t a in  of  th e  fu n c t io n a l  groups of 
c o r t i s o n e  a c e ta te ;  i t  was th e re fo r e  cons idered  worthy o f  photo­
chemical in v e s t ig a t io n *  In  th e  body i t  i s  s e c re te d  by th e  corpus 
luteum and fu n c t io n s  to  p rep are  th e  oes trogen  s e n s i t i s e d  u te ru s  to  
r e c e iv e  th e  f e r t i l i s e d  ovum and to  m a in ta in  pregnancy to  i t s  f u l l  
term* I t  f in d s  c l i n i c a l  a p p l ic a t io n  in  s u b s t i t u t i o n  th e ra p y ,  where 
i n s u f f i c i e n t  o f  th e  hormone i s  produced by th e  body, and in  i n h i b i t ­
io n  th e ra p y  when endogenous p ro d u c tio n  o f  c e r t a in  o th e r  hormones i s  
too  h igh  f o r  normal body fu n c t io n in g .
Like 1 1 -k e to p ro g es te ro n e , p roges te rone  (CCXIX) la c k s  th e  17- 
hydro xy and 21-a ce to x y  groups of o o r t iso n e  a c e ta t e ,  and i n  a d d i t io n  
la c k s  th e  11-keto  fu n c t io n .  Thus only th e  c*, ^ -u n sa tu ra ted  k e to  
and th e  20-k e to  fu n c t io n s  remain f o r  photochem ical e x c i t a t i o n .
-O
ccxrx
310Coleby, K e l l e r  and Weiss have a lre a d y  s tu d ied  th e  e f f e c t  of
X -rays upon m ethano lic  s o lu t io n s  o f  p ro g es te ro n e  and have i s o l a t e d
i n  low y ie ld  5<k -p re g n a n e -3 ,6, 2 0 - t r io n e .  The e f f e c t  o f  a i r  and
s u n l ig h t  upon p ro g es te ro n e  has been in v e s t ig a te d  by R i t t e r  and h is  
323co-w orkers: i n  hydrocarbon and a lc o h o l ic  so lv e n ts  l i t t l e  change
was re p o r te d ,  but in  ha logenated  so lv e n ts  such as carbon t e t r a c h l o r ­
id e ,  th e re  was s u b s t a n t i a l  evidence t h a t  p ro g es te ro n e  was converted
4 ✓in to  a m ixture  of s u b s t i tu t e d  - 3-k e to  s t e r o i d s ,  in c lu d in g  6- k e to -
p ro g e s te ro n e ,  4 -ch lo ro p ro g e s te ro n e  and 4 -hydroxyprogesterone. These
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p ro d u c ts  were se p a ra te d  by chromatography and c h a ra c te r i s e d  by 
in f r a r e d  sp e c tra ,  chrom atographic r e t e n t i o n ,  tim es and o th e r  
p h y s ic a l  p r o p e r t i e s .  Although s im i la r  o b se rv a tio n s  were made when 
s o lu t io n s  were i r r a d i a t e d  w ith  l i g h t  from a Xenon lamp, d i f f e r e n c e s  
were observed when a mercury lamp was employed as source .
An e a r l i e r  study o f  th e  photochem istry  o f  p ro g es te ro n e  was
271 324made by Butenandt and h i s  co-workers? 9 i n  benzene and hexane 
s o lu t io n ,  p rogesterone i s  pho tochem ically  converted  in to  th e  d im eric  
cyclobutane d e r iv a t iv e  (CLXVI; R=C0CH^).
In  th e  p rese n t i n v e s t ig a t io n ,  p ro g es te ro n e  was i r r a d i a t e d  in  
e thano l in  an atmosphere of  n i t ro g e n  u n t i l  a sample no lo n g e r  
possessed  in f ra re d  a b so rp tio n  in  th e  1660 cm.~^ re g io n ,  in d i c a t in g  
th a t  th e  ok ,(2>-unsaturated 3 -keto  fu n c tio n  had been com pletely  des­
tro y e d .  The o i ly  product was then  chromatographed on n e u t r a l  
alumina (grade 3) whereupon e l u t io n  w ith  a m ixture of benzene and 
petro leum  gave a w hite c r y s t a l l i n e  s o l id  which m elted over a 100 
tem pera tu re  range. Although T .L .C . in d ic a te d  th a t  t h i s  s o l i d  con­
s i s t e d  o f  th ree  components, o f  which two were p re se n t  only in  t r a o e  
amounts, the  m a te r ia l  could no t be r e a d i ly  p u r i f i e d  by r e o r y s t a l l -  
i s a t i o n .  F ra c t io n a l  su b lim a tio n , however, was more e f f e c t i v e  and 
pure 5<*-dihydroprogesterone (5 ^  -p reg n an e-3 ,2 0 -d io n e)  (CCXX) was 
ob ta ined  in  30$ y i e ld .  This  m a te r ia l  was c h a ra c te r i s e d  by a n a ly s i s ,  
i n f r a r e d  sp e c tra ,  and f i n a l l y  by comparison w ith  an a u th e n t ic  
sample.
— O
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F u r th e r  e l u t io n ,  w ith  a m ixture  of benzene and chloroform , 
r e s u l t e d  i n  an o i ly  f r a c t i o n  which, on s ta n d in g  in  th e  p resence  o f  
a l i t t l e  e th a n o l ,  d ep o s ite d  f in e  n e e d le - l ik e  c ry s ta ls *  These were 
formed in  an ex trem ely  low y ie ld ,  i n  th e  o rd e r  o f  0 .1 $ , and m elted
o
sh a rp ly  a t  332-335> su g g e s tin g  t h a t  t h i s  product was p robab ly
d im e r ic .  However, i t  was no t th e  same product as th a t  d e sc r ib e d
271by Butenandt and Wolff from th e  i r r a d i a t i o n  o f  p ro g es te ro n e  in  
benzene. The in f r a r e d  spectrum, p repared  from a potassium  c h lo r id e  
m ic ro -d isc ,  po ssessed  ab so rp tio n  due to  th e  20-keto  fu n c t io n  and 
due to  a hydroxyl group. Attempts to  o b ta in  a mass spectrum , i n  
o rd e r  to  determ ine th e  m olecu lar  w eigh t, were u n su ccess fu l  as th e  
m a te r ia l  could no t be v ap o u rised .
What appeared to  be th e  major p roduct from t h i s  i r r a d i a t i o n  
was e lu te d  from the  column w ith  chloroform  and accounted f o r  40$ of 
th e  s t a r t i n g  m a te r ia l .  Although a v a r i e ty  o f  a t te m p ts ,  in c lu d in g  
rep ea ted  chromatography, T .L .C .,  and su b lim a tio n , were made to  
o b ta in  a pure c r y s t a l l i n e  sample, th e se  were a l l  u n s a t i s f a c to r y .
The in f r a r e d  spectrum (Vmax. 3590, 3410, 1695 cm. in d ic a te d  
t h a t  t h i s  m a te r ia l  r e ta in e d  the  20-keto  fu n c tio n  and possessed  an 
a d d i t io n a l  hydroxyl group but appeared to  have l o s t  th e  3 -ke to  
fu n c t io n .  C onfirm ation f o r  th e  presence of  a hydroxyl group was 
fu rn ish ed  by th e  i n f r a r e d  spectrum of the  o i l  ob ta ined  a f t e r  t r e a t ­
ment of th e  impure m a te r ia l  w ith  acetyl c h lo r id e  and p y r id in e .  The 
spectrum lacked  th e  a b so rp tio n  a t t r i b u t e d  to  th e  hydroxyl group 
(*Vmax. 3590, 3410 cm. and possessed  a d d i t io n a l  ab so rp tio n  a t  
1730 and 1250 cm."^ due to  th e  0 -a c e ty l  f u n c t io n .  Owing to  th e  
d i f f i c u l t i e s  a s s o c ia te d  w ith  o b ta in in g  a c r y s t a l l i n e  sample o f  t h i s  
product i t  could no t be i d e n t i f i e d ,  a lthough  i t  i s  l i k e l y  to  be a
3-hydroxy-5cA -p regnan-20-one .
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6-Nitro Steroids
The c u r re n t  i n t e r e s t  in  the  photochem istry  of  n i t r o  compounds^^*
and th e  r e c e n t  p re p a ra t io n  o f  6 - n i t r o  d e r iv a t iv e s  o f  such substances
as c o r t i s o n e ,  p ro g es te ro n e  and 17 d .-ace toxyprogeste rone  (17-a c e to x y -
o  2 7  "xoR
6 oL- n i t r o -p r e g n - 4 -e n e - 3 >20-dione) by Ringold and h is  co-workers 
made a study  o f  the  pho tochem istry  of c e r t a in  o f th e se  compounds an 
i n t e r e s t i n g  ex te n s io n  to  the  work a lre ad y  d isc u sse d .  Of the  6 - n i t r o -  
s t e r o i d s  p rep a red , i t  would appear th a t  only 1 7 o t- a c e to x y -6 d -n i t ro -
*5 r j O
pro g es te ro n e  has any s i g n i f i c a n t  pharm acological a c t iv i ty *  This 
m a te r ia l ,  in  th e  Clauberg assay , has 3-4 tim es the  a c t i v i t y  o f  17o t-  
ace toxyproges terone  which in  tu rn  i s  s i g n i f i c a n t l y  more a c t iv e  than  
p rogeste rone  i t s e l f .  The e f f e c t  of 6 - s u b s t i t u t io n  upon th e  a c t i v i t y  
o f  c e r t a in  b io lo g i c a l l y  im portan t s t e ro id s  has r e c e n t ly  been d iscu ssed  
by Ringold.
17ot -Acetoxy-6oL - n i t r o p r o g e s te r o n e , p repared  by n i t r a t i o n  o f
17 c*-acetoxyprogesterone accord ing  to  th e  method of Ringold and h is  
328co-w orkers, was i r r a d i a t e d  in  e thano l in  an atmosphere o f  n i t r o g e n .  
The r e s u l t i n g  r e a c t io n  was fo llow ed by in f r a r e d ;  th e  a b so rp tio n  a t  
1675 cm .~\- due to  the  c*, (3 -u n s a tu ra te d  3 -ke to  fu n c t io n ,  and a t  
1555 c m .~ \  due to  the  6 - n i t r o  fu n c t io n ,  r a p id ly  d ec re ase d . A ddit­
io n a l  maxima appeared a t  1710 cm. \  p robab ly  r e s u l t i n g  from s a t u r ­
a t io n  o f  the  u n sa tu ra te d  3 -ke to  fu n c t io n ,  and a weak a b so rp tio n  a t  
1525 cm.-  ^ a t t r i b u t a b l e  to  th e  appearance of an cA , - u n s a tu r a te d  
n i t r o  group. S im ila r  i n f r a r e d  o b se rv a tio n s  were made when 6 c k -n i t r o -  
co r tiso n e  (1 7 ,2 1 -d ih y d ro x y -6 c* -n itro p re g n -4 -e n e -3 >11>2 0 - t r io n e )  was 
i r r a d i a t e d  in  e th a n o l .  Although re p e a te d  a ttem p ts  were made to  i s o ­
l a t e  c r y s t a l l i n e  p ro d u c ts  from th e se  p h o to ly ses  u s in g  v a r io u s  chroma­
to g raph ic  methods, th e se  were u n su c c e s s fu l .  T.L.C. showed th e  
t o t a l  p roducts  o f  i r r a d i a t i o n  of both  6 < * -n it ro c o r t iso n e  and 17c* -  
a c e to x y -6 o t-n i t ro p ro g e s te ro n e  to  be h ig h ly  complex m ix tu re s .
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o l ,^  -U n sa tu ra ted  n i t r o  fu n c t io n s  are known to  be capable o f  
photochem ical e x c i t a t i o n ,  but i s o l a t e d  n i t r o  groups are  g e n e ra l ly  
reg ard ed  as being  more s ta b le  to  l i g h t .  A p o s s ib le  e x p lan a t io n ,  
t h e r e f o r e ,  f o r  th e  r a p id  photo-decom position  o f  6 < * -n i t ro c o r t i s o n e  
and 17c* -a c e to x y -6 c * -n i t ro p ro g e s te ro n e  i s  t h a t ,  on i r r a d i a t i o n ,  the  
^(4  5) ^ou^ e ^ onc  ^ m ig ra te s  i n to  con jugation  w ith  th e  6 - n i t r o  
fu n c t io n ,  g iv in g  th e  pho tochem ically  more l a b i l e  ot, j3 -u n sa tu ra te d  
n i t r o  system. M ig ra tion  of  th e  double bond in  c e r t a in  3 -k e to  A ^
s te r o i d s  to  th e  C( 5 , 6) p o s i t io n  has a lre ad y  been e s ta b l i s h e d  as a
d e f i n i t e  photochem ical p ro c ess ;  th e  l ig h t - in d u c e d  t r a n s fo rm a tio n  
o f  1 0 c * - te s to s te ro n e  (CLXIX), f o r  example, r e s u l t s  in  th e  iso m eric  
p roduct (CLXX) (see  p . 131)* Taking t h i s  r e a c t io n  as a model,
276
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6 cA -n itro co r t iso n e  (CCXXl) would g ive the  - u n s a tu r a te d  n i t r o
compound (CCXXIl).
To determ ine th e  p o s s ib le  l ig h t - in d u c e d  t r a n s fo rm a tio n s  which 
might r e s u l t  a f t e r  such a double bond m ig ra t io n ,  a simple o( , p -  
u n sa tu ra te d  6 - n i t r o  s t e r o i d ,  la c k in g  any a d d i t io n a l  chromophores, 
was r e q u ire d  f o r  photochemical i n v e s t ig a t io n .  The most r e a d i ly  
a v a i la b le  m a te r ia l  f o r  such a s tudy  was 6 - n i t r o c h o le s te r y l  a c e ta te  
(3 £  - a c e to x y - 6 -n i t ro c h o le s t -5 - e n e )  (CCXXIIl), and t h i s  was prepared  
accord ing  to  th e  method of Anagnostopculos and F i e s e r ^ ^ b y  n i t r a t ­
ion  of c h o le s te ry l  a c e ta t e .  The pho tochem istry  of t h i s  compound
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was s tu d ie d  i n  e th an o l s o lu t io n  in  an atmosphere of n i t r o g e n .
S h o r t ly  a f t e r  th e  com pletion o f  t h i s  in v e s t ig a t io n  two p re lim ­
in a ry  accoun ts  o f  th e  pho tochem istry  o f  6- n i t r o c h o l e s t e r y l  a c e ta te
33Owere p u b lish e d ;  Pinhey and Rizzardo in v e s t ig a te d  th e  p h o to ly s is
331i n  hexane and aqueous d ioxan, w hile  Chapman and h i s  co-workers 
employed acetone as th e  so lvent*
332In  th e  p re se n t  i n v e s t ig a t io n  ' 6- n i t r o c h o l e s t e r y l  a c e ta te  was
i r r a d i a t e d  i n  e thano l (c o n c e n tra t io n  3 rag/ml) u n t i l  th e  in f r a r e d
-1spectrum of a sample lacked  a b so rp tio n  a t  1510 cm. , c h a r a c t e r i s t i c
o f  th e  u n sa tu ra te d  n i t r o  group. The o i ly  p ro d u c t ,  when d is s o lv e d
i n  a l i t t l e  pe tro leum , gave a w hite  c r y s t a l l i n e  s o l id  as th e  major
p ro d u c t .  I n f r a r e d  evidence ( Vmax. 35^0? 3290* 16&5* 1595 cm.~^)
and convers ion  of t h i s  m a te r ia l  in to  c h o le s t-4 -e n e -3 > 6-d io n e  (CCXXIV)
on tre a tm e n t w ith  py ru v ic  ac id  to g e th e r  in d ic a te d  th a t  th e  product
was a mono-oxime o f  c h o le s t - 4 - e n e - 3 ,6-d io n e .  E a r ly  a t tem p ts  to
c h a ra c te r i s e  th e  p roduct as th e  6-oxime, which was i n i t i a l l y  thought
to  be th e  more l i k e l y  p roduct as i t  would no t n e c e s s i t a t e  a n i t ro g e n
m ig ra t io n  d u r in g  th e  p h o to ly s i s ,  were c o n s i s t e n t ly  u n s u c c e s s fu l .
However, t re a tm e n t o f  c h o le s t -4 - e n e -3 56-d ione  w ith  hydroxylamine
h y d ro ch lo r id e  and sodium a c e ta te  gave a mono-oxime i d e n t i c a l  t o  th a t
333ob ta ined  from th e  i r r a d i a t i o n ,  in d i c a t i n g  t h a t  th e  photochem ical 
p roduct was i n  f a c t  the  3~oxime (CCXXV). T h is  was confirmed by the  
unambiguous s y n th e s is  o f  c h o l e s t - 4- e n e - 3>6-d io n e  3-oxime from th e
«v * i
known 6 -e tho x y o h o les ta -4 > 6 -d ien -3 -o n e  (CCXXVl) which was converted  
i n t o  the  oxime (CCXXVII) and s e l e c t i v e l y  hydro lysed  to  th e  re q u ire d  
product in  aqueous a c e t i c  a c id .
Although th e  same oxime was i s o l a t e d  from i r r a d i a t i o n s  c a r r ie d  out
33I
in  acetone , th e  major p roduct i n  t h i s  so lv en t was a m ixture o f  the  
60k- and 6p - n i t r o  d e r iv a t iv e s  o f  3 jB -acetoxycholest-4-ene. In  hexane 
and d i o x a n , 330 3p,_aoetoxy_ 6 , - n i t r o o h o le St-4 -e n e  was th e  major product
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331and no ch o le s t-4 -Q n e -3 ,6 -d io n e  3-oxime was i s o l a t e d .  Chapman 
suggested  t h a t  th e  fo rm ation  of th e  oxime d u r in g  i r r a d i a t i o n s  
c a r r i e d  out in  acetone could w ell he due to  th e  a b i l i t y  o f  acetone 
to  ac t  as a s e n s i t i s e r .  However, i s o l a t i o n  o f  th e  oxime in  a 
h ig h e r  y i e ld ,  from i r r a d i a t i o n s  employing e th an o l as so lv en t now 
makes t h i s  p ro p o sa l q u e s t io n a b le .  Our y ie ld  of oxime was no t 
reduced by th e  use o f  a pyrex f i l t e r ,  i n d i c a t in g  th a t  i t  i s  th e  
n a tu re  of th e  so lv e n t  r a t h e r  than  th e  l i g h t  o f  wavelength l e s s  than  
300m/iwhich i s  th e  determ ining f a c t o r  in  th e  fo rm ation  of c h o le s t -
4 -en e -3 ,6 -d io n e  3-oxime.
The re s id u e  rem ain ing  a f t e r  removal o f  oxime was chromatographed 
on s i l i o a  gel and an a d d i t io n a l  two ph o to -p ro d u c ts  i s o l a t e d .  The 
f i r s t  of th e se  was e l u t e d 1in  7$ y ie ld  w ith  a benzene and chloroform
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m ixture  and was i d e n t i c a l  to  a sample of 3 p -a c e to x y c h o le s t -4 -e n -  
6-one p rep ared  acco rd ing  to  th e  method o f  H e ilb ro n , Jones and
*5 C
Spring* ^ The second, i s o l a t e d  i n  2*5$ y i e ld  "by e lu t io n  w ith
petro leum  and benzene, proved to  be 6 -n itro ch o le s ta -3 > 5 -& ien 9  (CCXXVIII).
I t  was c h a ra c te r i s e d  by in f r a r e d  ( ^ max* 1625? 1500 cm*~^), a n a ly s is ,
and by comparison w ith  an a u th e n t io  sample p rep a red  from 3(3 - c h lo ro -
6 -n i t ro c h o le s t -5 -e n e * ^ ^  by e l im in a t io n  in  qu ino line*  The method of
e l im in a t io n  was based upon th e  procedure employed by Mauthner and 
3 3 7
Suida f o r  the  conversion  o f  c h o le s te ry l  o h lo r id e  in to  c h o l e s t a - 3 , -
5 -d ie n e t The same n i t r o d ie n e  has been i s o l a t e d  p re v io u s ly  from the
p h o t o l y s i s ^ ^  of 6 - n i t r o c h o le s te r y l  a c e ta te  in  hexane and aqueous
dioxan where i t  was p o s tu la te d  to  be an in te rm e d ia te  in  th e  form ation
33lo f  th e  oxime (CCXXV). L a te r  work dem onstrated  t h a t  t h i s  n i t r o ­
d iene  (CCXXVIII) i s  pho tochem ically  transfo rm ed  in to  th e  oxime in  
acetone and we found th e  same conversion  ta k e s  p lace  i n  good y ie ld  
i n  e thanol*
A p o s s ib le  e x p la n a t io n  f o r  th e  fo rm ation  o f  th e  oxime from the  
n i t r o d ie n e  i s  shown i n  fig*  575 n i t r o d ie n e  (CCXXVIII) ,  formed
by e l im in a t io n  o f  th e  3 -ace toxy  group, undergoes rearrangem ent o f  
th e  n i t r o  fu n c t io n  to  th e  n i t r i t e  (CCXXIX) which then  c leav es  
g iv in g  a NO r a d ic a l  which in  tu rn  a t ta c k s  th e  s t e r o id  a t  th e  r e a c t iv e  
c e n tre  a t  C ^ N* Rearrangement o f  th e  r e s u l t i n g  product p ro v id es  the
<=8H17
( 3 ) ’ 
oxime (CCXXV).
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Conversion o f  an oC -u n s a tu ra te d  n i t r o  fu n c t io n  in to  th e
co rrespond ing  n i t r i t e ,  fo llow ed by cleavage and a t t a c k  by th e  NO
r a d ic a l  i s  c o n s is te n t  w ith  th e  mechanism proposed by Chapman and h is  
326co-workers f o r  th e  photochem ical conversion  o f  n i t r o s ty r e n e s  
and n i t r o a n th ra c e n e s  in to  th e  oximino and k e to  p roduc ts  shown in  
f ig *  58* P h o to ly t i c  cleavage o f  a n i t r i t e  and re c a p tu re  o f  th e
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C H-
NO'
N - O H  O 
11 II
C6 H5 C -------- C - C H *
ccxxx ccxxxi
NO.
II
N - O H
ccxxxn CCXXXIIi ccxxxrv
f i g .  5 8
r e s u l t i n g  NO r a d i c a l  by the  p a ren t  molecule has a lso  been e s ta b l i s h e d  
as th e  mechanism o f  th e  Barton r e a c t io n  in  which n i t r i t e s  a re  con­
v e r te d  in to  hydroxy-oximes as i l l u s t r a t e d  in  f ig *  59* Many e x c e l le n tT  ^Q
papers  and review s concern ing  th e  Barton r e a c t io n  have been
H^ H H
~'c" O N O  V ” o .  HC. OH
fig. 5 9
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p u b lish e d .  Rearrangement o f  th e  n i t r o  fu n c t io n  o f  6 - n i t r o c h o le s t ­
e ry l  a c e ta te  to  th e  correspond ing  n i t r i t e  w ithou t e l im in a t io n  of 
th e  3 -ace toxy  fu n c t io n  i s  almost c e r t a in ly  .the f i r s t  s te p  in  the  
fo rm ation  o f  3(3 - a c e to x y c h o le s t -4 -e n —6-one (CCXXXV). Cleavage of 
t h i s  n i t r i t e  could be expected  to  r e s u l t  in  a t t a c k  by th e  NO 
r a d ic a l  a t  suck a tra n s fo rm a tio n  was no t observed and
must th e r e fo r e  be assumed to  be u n favourab le . The a l t e r n a t i v e ,  
more fav o u rab le  p ro c e s s ,  r e s u l t i n g  in  the  fo rm ation  o f  3j3 -acetoxy- 
c h o le s t - 4 - e n —6-one (CCXXXV) would appear to  in v o lv e  c leavage of 
th e  n i t r i t e  (CCXXXVl) accompanied by lo s s  o f  hydrogen a t
CI-UCOO C HLCOO
O NONO*
C H X O O
C C X X iU  C C X X X V l
f i g . 6 0
In  a l l  th e  i r r a d i a t i o n s  o f  6 - n i t r o c h o le s t e r y l  a c e ta te  i n  
e th a n o l ,  no p roduct a r i s i n g  from double bond m ig ra t io n  from C 
to  C
( 5 )
was o b ta in ed , a lthough  such p ro d u c ts  accounted f o r  th e  
m a jo r i ty  o f  th e  s t a r t i n g  m a te r ia l  employed in  the  i r r a d i a t i o n s  
c a r r i e d  out in  o th e r  s o lv e n ts .
6 -N i t ro c h o le s te ry l  a c e ta te  was a lso  i r r a d i a t e d  in  cyclohexane
and th e  p roduct chromatographed on s i l i c a  g e l .  E lu t io n  w ith  a
m ixture of petro leum  and benzene gave a n o n - c r y s ta l l in e  s o l id
which, from in f r a r e d  d a ta  (Vm ax. 1725> 1640, 1550 cm. ^ ) ,  was
thought to  be a m ix ture  o f  6 c * -n i t ro  and 6p  - n i t r o  d e r iv a t iv e s  of
3(3 -a c e to x y c h o le s t-4 -e n e  as r e p o r te d  in  th e  p h o to ly s is  o f  6 - n i t r o -
331c h o le s te ry l  a c e ta te  in  ace to n e . A ll a t te m p ts  to  s e p a ra te  th e se
isom ers were u n s u c c e s s fu l •
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E lu t io n  w ith  chloroform  gave, as the  m ajor p ro d u c t,  3p -  
ac e to x y c h o le s t-4 -e n -6 -o n e  (CCXXXV). T h is  m a te r ia l  was more 
e f f i c i e n t l y  s e p a ra te d  on n e u t r a l  alumina (g rade 4) and y ie ld s  in  
th e  o rd e r  o f  40$ were ob ta ined  by e lu t io n  w ith  petro leum . Thus 
th e  p h o to ly s i s  o f  6 - n i t r o o h o le s t e r y l  a c e ta te  in  cyclohexane con­
s t i t u t e s  a u s e fu l  simple s y n th e s is  o f  3(3 - a c e to x y c h o le s t-4 -e n -6 -o n e
335which i s  u s u a l ly  p rep ared  J from 6 - n i t r o c h o le s t e r y l  a c e ta te  by 
chemical methods. The much in c re a se d  y i e ld  of t h i s  p roduct compared 
w ith  t h a t  r e p o r t e d ^ ^  (2-3$) f o r  th e  i r r a d i a t i o n  i n  hexane i s  most 
l i k e l y  a consequence o f  the  use o f  l i g h t  o f  a s h o r te r  wavelength: 
a q u a r tz  photochem ical r e a o to r  was used in  our work, whereas a 
pyrex f i l t e r  was employed f o r  th e  i r r a d i a t i o n  re p o r te d  u s in g  hexane 
as  th e  s o lv e n t .
The in f lu e n c e  o f  the  s u b s t i tu e n t  a t  uPon convers ion
of 3 - s u b s t i t u t e d  6 - n i t r o c h o le s t - 5 - e n e s  in to  c h o le s t -4 -e n e -3 * 6- 
dione 3-oxime was a lso  s tu d ie d .  The oxime (CCXXV) was o b ta in ed  by 
th e  p h o to ly s is  o f  3(3 - c h lo r o -6 - n i t r o c h o le s t - 5 - e n e  and th e  t r i f l u o r o -  
a c e ta te  o f  6 - n i t r o c h o le s t e r o l  in  e th an o l in  y ie ld s  of  th e  same 
o rd e r  as t h a t  o b ta ined  by th e  i r r a d i a t i o n  o f  6 - n i t r o c h o le s t e r y l  
a c e ta te  in  e th a n o l .
In  c o n t r a s t  to  th e se  o b se rv a t io n s ,  th e  oxime (CCXXV) was no t 
formed d u r in g  th e  i r r a d i a t i o n  of 6 - n i t r o c h o le s te r o l  (CCXXXVIl) i n  
e th a n o l .  The f a i l u r e  o f  t h i s  substance  to  y ie ld  th e  oxime i s  
thought to  be a d i r e c t  r e s u l t  o f  th e  g r e a t e r  d i f f i c u l t y  o f  e l im in ­
a t io n  o f  th e  3(3 -hydroxyl group as compared w ith  th e  ace toxy , t r i -  
f lu o ro a c e to x y  and ch lo ro  s u b s t i t u e n t s .  Without p r io r  fo rm ation  of 
th e  n i t r o d ie n e  (CCXXVIII) th e  fo rm ation  o f  th e  oxime i s  excluded, 
and o th e r  photochem ical p ro cesses  predom inate.
The major p roduct from th e  i r r a d i a t i o n  of  6 - n i t r o c h o le s te r o l  
(CCXXXVII) i n  e thano l was 3S -h y d ro x y c h o les t-4 -en -6 -o n e  (CCXXXVIIl)
which was o b ta in ed  in  37$ y ie ld  a f t e r  chromatography o f  th e  impure 
p roduct on s i l i c a  g e l .  A second c r y s t a l l i n e  s o l id ,  m e lt in g  over
HO HO
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a la rg e  range , was e lu te d  w ith  a m ixture  o f  benzene and chloroform .
A f te r  rep e a te d  r e c r y s t a l l i s a t i o n s  from methanol a s o l id  was i s o l a t e d
which was i d e n t i c a l  to  a sample o f  6p - n i t r o  cholest-4-en-3(3 - o l
(CCXXXIX) p repared  acco rd ing  to  th e  method d e sc r ib e d  by Jones and 
3 3  q
h is  co-w orkers. The n a tu re  of th e  o th e r  c o n s t i tu e n t  con tam inating  
t h i s  c r y s t a l l i n e  m a te r ia l  was no t determ ined b u t ,  from in f r a r e d  
ev idence , i t  could w ell be th e  6 c * -n i t ro  isom er.
Prom a c o n s id e ra t io n  o f  our r e s u l t s  in  e th an o l and cyclohexane,
330and from th o se  re p o r te d  by Pinhey in  hexane and aqueous dioxan,
331and th o se  o f  Chapman in  ace to n e , i t  would appear t h a t  c e r t a in  
d i s t i n c t  pathways are  a v a i la b le  to  th e  pho tochem ica lly  e x c i te d  
m olecu le . F i r s t l y  i t  may undergo e l im in a t io n  o f  th e  3 - s u b s t i tu e n t  
to  g ive th e  n i t r o d ie n e  (CCXXVIII), fo llow ed by conversion  in to  the  
3-oxime (CCXXV). T h is  p ro cess  i s  favoured  in  e thano l and acetone 
and when th e  3 - s u b s t i tu e n t  i s  e a s i l y  e l im in a te d .  Secondly th e  6- 
n i t r o  fu n c t io n  may rea rran g e  to  th e  n i t r i t e ,  undergo c leavage , and 
give th e  3 - s u b s t i t u t e d  c h o le s t-4 -e n -6 -o n e .  T h is  p ro cess  i s  favoured  
in  th e  absence o f  oxime fo rm a tio n . The t h i r d  pathway open to  th e  
e x c i te d  molecule i s  by double bond m ig ra t io n  to  give th e  correspond­
in g  A ^ - s t e r o i d .  Rearrangement o f  t h i s  type i s  known to  occur 
r e a d i ly  in  th e  p h o to ly s i s 2?^ 0f  c e r t a in  -u n s a tu r a te d  k e to n es
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to  g ive th e  correspond ing  |3 , h - u n s a tu ra te d  compounds. The p o ss­
i b i l i t y  t h a t  3 p - a c e to x y -6 -n i t ro c h o le s t -4 ~ e n e  might be an i n t e r ­
m ediate in  th e  fo rm ation  of th e  n i t r o d ie n e  (CCXXVIIl) and th u s  th e  
oxime was co n s id e red , but i r r a d i a t i o n  of th e  3 p> - a c e to x y - 6 - n i t r o -  
c h o le s t -4 -e n e  in  e th an o l in d ic a te d  t h a t  t h i s  was not so. I n f r a r e d  
d a ta  from samples o f  th e  i r r a d i a t i o n  s o lu t io n  showed th e  n i t r o -  
s t e r o i d  decomposed on exposure to  u l t r a v i o l e t  l i g h t  but no oxime 
was i s o l a t e d  from th e  p ro d u c t.
The e x te n t  to  which any o f  th e se  p ro cesses  predom inate over 
th e  o th e r  two appears to  depend l a r g e ly  on th e  so lven t employed in  
th e  i r r a d i a t i o n ,  th e  s u b s t i t u e n t ,  and th e  wavelength o f  th e
l i g h t  employed.
EXPERIMENTAL
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I r r a d i a t i o n  P ro ced u re . -  In  genera l th e  i r r a d i a t i o n s  were 
c a r r i e d  out in  s o lu t io n  a t  a c o n c e n tra t io n  of 4 mg./ml. o r  l e s s  in  
an atmosphere o f  n i t r o g e n .  A q u ar tz  Hanovia photochem ical r e a c to r  
f i t t e d  w ith  a medium p re s su re  mercury arc  was employed. Adequate 
co o l in g  was p rov ided  to  m a in ta in  th e  s o lu t io n  a t  room tem p era tu re .  
The r e a c t io n s  were fo llow ed by in f r a r e d  s p e c t r a  o f  samples taken  
a t  r e g u la r  i n t e r v a l s ,  and th e  p roduct i s o l a t e d  by removal o f  th e  
so lv e n t  a t  reduced p re s s u re .
I r r a d i a t i o n  of C ortisone  A ceta te  ( 2 1 - A c e t o x . y - 1 7 - h y d r o x . y - p r e g n - 4 -  ' 
e n e - 3 , I l , 2 0 - t r i o n e  (CCVIIl) i n  E t h a n o l . -  (a) C ortisone  a c e ta te  
(2 g .)  i n  e thano l (600 m l.)  was i r r a d i a t e d  f o r  30 min. and th e  
p roduct chromatographed q u a n t i t a t i v e l y  on n e u t r a l  alumina (g rade 3)* 
T h is  was re p e a te d  employing i r r a d i a t i o n  tim es o f  1, 2, 3 and 4 h r .  
Three main f r a o t io n s  were ob ta ined  from th e se  i r r a d i a t i o n s :  th e
f i r s t  (Vm ax. 1740, 1705* 1235 cm. was e lu te d  w ith  a 4sI m ixture 
o f  benzene and chloroform ; th e  second (*Vmax. 1748* 1728, 1705* 
1668, 1235 cm.~^), was e lu te d  w ith  a 1:1 m ix tu re  of benzene and 
chloroform ; and th e  t h i r d  ( V ^ a x .  1748, 1728, 1705* 1235 cm.”"'1' ) ,  
was e lu te d  w ith  chloroform .
(b) C ortisone  a c e ta te  (2 g .)  i n  e thano l (600 m l.)  was i r r a d i a t e d  
u n t i l  the  in f r a r e d  spectrum o f  a sample no lo n g e r  con ta ined  a 
maximum a t  1668 cm.”  ^ due to  th e  u n s a tu ra te d  3 -ke to  fu n c t io n .  The 
o i l ,  rem aining  a f t e r  removal o f  th e  e th a n o l ,  was then  chromato­
graphed on n e u t r a l  alumina (grade 3 ); e lu t io n  w ith  a 1:1 m ixture  
o f  benzene and chloroform  gave a c r y s t a l l i n e  s o l id  which was 
r e p e a te d ly  r e c r y s t a l l i s e d  from ethano l to  give a p roduct (0 .5  g*)> 
m.p. 220-224 (Pound: C, 65. 6 ; H, 1*6%)5 V  max. 1748, 1728, 1705* 
1668, 1615, 1235 cm.-1
The c r y s t a l l i n e  product ( 0 .5  g*) was d is s o lv e d  in  e thano l 
(300 m l.)  and r e - i r r a d i a t e d  u n t i l  th e  in f r a r e d  spectrum of a
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sample o f  th e  s o lu t io n  com pletely  lacked  a b so rp tio n  in  th e  1665- 
1670 cm, ^ r e g io n .  The e th a n o l ic  s o lu t io n  was then  reduced to  a 
small volume a t  reduced p r e s s u re ,  allowed to  c r y s t a l l i s e ,  and th e  
p roduc t (0 .35  g . )  r e c r y s t a l l i s e d  from e th a n o l ,  m.p. 215- 222°
(Founds C, 63 .7 ; H, 8 .6 ^ ) ;  Vmax. 1748, 1728, 1705, 1235 cm."1 
M olecu lar  weight was shown to  be 404 by mass sp ec tro g ra p h . Re­
c r y s t a l l i s a t i o n  o f  t h i s  m a te r ia l  from a m ix ture  of acetone and 
benzene gave a p roduct (0 .27  g .)  shown by comparison w ith  an au th ­
e n t i c  sample, to  be 21-acetoxy-17-hydroxy-5  -p re g n a n e -3 ,1 1 ,2 0 -  
t r i o n e ,  m.p. 225-229 ( l i t . , 3^  225-227) (Rounds C, 6 8 .2; H, 7*6* 
C alc, f o r  C23H3206sC, 68*3; H’ V m a x .  1748, 1728, 1705,
1235 cm.-1
O . 3 l6The 3 - 2 1,4 '-< lin itro p h en y lh y d razo n e  had m.p. 207-212 ( l i t . ,  
208- 211) and th e  3-oxime had m.p. 276 ( l i t . , 3^  276-279).
21-Acetoxy-17-hydrox,y-5cbt. -pregnone-3? 11 »2 0 - t r i o n e . -  C ortisone
a c e ta te  was hydrogenated in  e th y l  a c e ta te  acco rd ing  to  th e  method
314o f  O liv e to ,  Gerold and Hershberg u s in g  pallad ium  on carbon as 
c a t a l y s t .  The product was r e c r y s t a l l i s e d  from acetone to  g ive 21- 
acetoxy-17-hydroxy-5oC -pregnane-3>11,2 0 - t r io n e  in  65$ y ie ld ,  m.p.
o *1T 4  °
225-229 ( l i t . , 225-227).
I r r a d i a t i o n  o f  11-K etoprogesterone (P regn-4 -ene-3»1 1 ,2 0 - t r io n e )  
(CCXIV) i n  E th a n o l . -  11-K etoprogesterone ( l  g . )  i n  e thano l (600 m l.)  
was i r r a d i a t e d  u n t i l  th e  i n f r a r e d  spectrum of  a sample no lo n g e r  
possessed  a b so rp t io n  a t  1660 cm. ^ due to  th e  u n sa tu ra te d  3 -keto  
fu n c t io n .  The p roduct was chromatographed on n e u t r a l  alumina 
(grade 3)* E lu t io n  w ith  a 3:1 m ixture of  benzene and petro leum  
gave as th e  major p roduct c o lo u r le s s  p l a t e s  which were r e c r y s t a l l s  
i s e d  from e th an o l to  g ive 5 -p re g n a n e -3 ,1 1 ,2 0 - t r io n e  (0 .44  g*> 43^),
O ^19 o
m.p. 212-215 ( l i t . ,  217-221). T h is  m a te r ia l  was i d e n t i c a l  w ith  
an a u th e n t ic  sample of 5 oC-pregnane-3,1 1 ,2 0 - t r io n e .  The 3 ,2 0 -
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o 320 ?
dioxime had m.p. 242-246 ( l i t . ,  244-246)*
A 10s1 m ixture  of  benzene and chloroform  e lu te d  an o i ly  
f r a c t i o n  (0 .01  g .)  from th e  column, which on a d d i t io n  o f  e th a n o l,  
d e p o s i ted  a v e ry  small q u a n t i ty  (0.001 g .)  o f  a m ixture o f  cubic
o o
c r y s t a l s ,  m.p. ^  360 and n e e d le - l ik e  c r y s t a l s ,  m.p. 345* The y ie ld s  
o f  th e se  two p ro d u c ts  were too low to  allow  c h a r a c t e r i s a t i o n .  
F u r th e r  e lu t io n  w ith  a l s l  m ixture  of benzene and chloroform  gave 
a f r a c t i o n  which, in  th e  presence  o f  e th a n o l ,  gave c o lo u r le s s  
n ee d le s  (0 .02  g* ) . These were r e c r y s t a l l i s e d  from e th a n o l ,  m.p. 
224-225 (Found: C, 76*3; H, 9*3* C alc, f o r  C, 76 .3 ;
H, 9 .1 5 $ ); V m a x .  3310, 1705, 1695 cm.-1
I r r a d i a t i o n  of P roges te rone  (p re g n -4 -en e -3 ,2 0 -d io n e )  (CCXIX) in  
E th a n o l . -  P ro g es te ro n e  (2 g . ) in  e thano l (600 m l.)  was i r r a d i a t e d  
u n t i l  th e  i n f r a r e d  spectrum o f  a sample no lo n g e r  possessed  abso r­
p t io n  a t  1663 cm.”^ due to  th e  u n s a tu ra te d  3 -ke to  fu n c t io n .  The 
p roduct was chromatographed on n e u t r a l  alumina (grade 3)* E lu t io n  
w ith  a 3 j 1 m ixture of benzene and petroleum  gave a p ro d u c t,  m.p.
o
80-180, which could no t be r e a d i ly  p u r i f i e d  by r e c r y s t a l l i s a t i o n .  
T .L .C. on alumina showed i t  to  co n ta in  a t  l e a s t  th r e e  components 
and f r a c t i o n a l  su b lim ation  gave 5 & -p reg n an e-3 ,2 0 -d io n e  (0 .2  g . ,  
lOji), m.p. 198-199° (Found: C, 79*5; H, 10.4* Calc, f o r  ^ 2l K2,2°2l
C, 79-7; H, 10 . 254)5 'V n a l .  1708, 1695 cm.
A very  small q u a n t i ty  (approx im ately  0.001 g .)  o f  f in e  n e e d le -
o
l i k e  c r y s t a l s ,  m.p. 332-335* were ob ta ined  from a f r a c t i o n  e lu te d  
w ith  a 3s1 m ixture o f  benzene and chloroform  a f t e r  th e  a d d i t io n  o f  
e th a n o l .  E lu t io n  o f  th e  column w ith  chloroform  gave an o i ly  
f r a c t i o n  (0 .4  g*) ;  359C, 3410, 1695 cm.  ^ T h is  m a te r ia l
could no t be o b ta in ed  in  a c r y s t a l l i n e  form by a d d i t io n  o f  v a r io u s  
s o lv e n ts ,  by chromatography on n e u t r a l  alumina or s i l i c a  g e l ,  or 
by tre a tm en t w ith  hydroxylamine hyd ro ch lo r id e  and sodium a c e ta t e .  
Treatm ent w ith  a c e ty l  c h lo r id e  and p y r id in e  gave a n o n - c r y s ta l l in e
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product  w ith  Vmax. 1730, 1695? 1250 cm*
I r r a d i a t i o n  of Progesterone  (CCXIX) in  Benzene. -  P roges te rone  ( l  g . )  
i n  benzene (50 ml.)  was i r r a d i a t e d  in  a quar tz  f l a s k  f o r  15 h r .  and 
th e  p r e c i p i t a t e d  c r y s t a l l i n e  dimer (0 .3  g* > 33/«) c o l l e c t e d .  This
m a te r i a l  d id  not melt but underwent slow decomposit ion a t  tem p era t -
0 / 271 °\u re s  g r e a t e r  than  340 ( l i t . ,  m.p. 340).
6 ot. - N i t ro c o r t i s o n e  (17? 21-P ih y d ro x y -6 ck - n i t r o p r e g n - 4 - e n e - 3 , I I , 20-
t r i o n e  (CCXXl). -  This  m a te r i a l  was prepared  in  an o v e r a l l  y i e l d
328of  9^ accord ing  to  the  method of  Ringold and h i s  co-workers.
C or t isone  a c e ta t e  was converted  in t o  the  enol a c e t a t e ,  n i t r a t e d ,  
and th e  r e s u l t i n g  6 p - n i t r o c o r t i s o n e  17 , 2 1 - d i a c e t a t e  isom er ised  and 
hydrolysed  to  the  r e q u i r e d  6 c*. - n i t r o c o r t i s o n e  by t rea tm en t  with 
po tass ium  hydroxide i n  methanol, m.p. 227-230° ( l i t 230-232) .  •
17 oC-Acetox.y-6dL -n i t r o p ro g e s te r o n e  ( l7-Acetoxy-6  cj - n i t r o p r e g n - 4 - e n e -
3 ? 2 0 -d io n e ) . -  17 &-Acetoxyprogesterone was converted  in t o  the  6(3-
n i t r o  d e r iv a t iv e  by n i t r a t i o n  of  the  der ived  enol a c e ta t e  as d esc r ib ed
328by Bowers, Ibanez and Ringold. This  m a te r ia l  was converted i n t o
th e  6 d - i s o r a e r  by t rea tm en t  w ith  potassium hydroxide in  methanol.
O 3 9 8  0
The o v e r a l l  y i e ld  was 36$? m.p. 203-205 ( l i t . ,  203-205)*
I r r a d i a t i o n  of 6 oL-N it rocort isone  (CCXXl) in  E th an o l . -  6dL-Nitro-  
c o r t i s o n e  ( l  g . ) i n  e thano l  (600 m l.)  was i r r a d i a t e d  f o r  30 min.;  
a f t e r  t h i s  time the  i n f r a r e d  spectrum of  th e  product (Vmax. 1745? 
1725? 1705 cm. ^) possessed  no abso rp t io n  a t  1665 c^* ^ due to  the  
u n s a tu ra te d  keto  fu n c t io n ,  o r  a t  1555 cm. ^ due to  the  6 - n i t r o  group. 
Chromatography of  t h i s  m a te r i a l  on s i l i c a  gel  and alumina gave no 
s i g n i f i c a n t  s e p a ra t io n  of  the  p roduc ts ,  and no c r y s t a l l i n e  subs tances  
were i s o l a t e d .
I r r a d i a t i o n  of 17 o(-Acetoxy-6oi - n i t r o p ro g e s te r o n e  in  E th an o l . -  17ol — 
Acetoxy-6 oC-nitroprogesterone ( l  g . ) i n  e thanol  (600 ml.)  was i r r a d -
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i a t e d  and chromatographed as desc r ib ed  f o r  6 o L -n i t ro c o r t i s o n e .
The p h o to ly s i s  was eq u a l ly  r a p id  and the  p roduc t ,  i s o l a t e d  a f t e r  
25 min . ,  lacked  ab so rp t io n  a t  1675 and. 1555 cm. ^ The o i l y
- \  1 -1product  had Vmax. 1725? 1710, 1250 cm. Ro c r y s t a l l i n e  m a te r i a l
was i s o l a t e d .
6 - N i t ro c h o le s t e r y l  Aceta te  (33 -A c e to x y -6 -n i t ro c h o Ie s t -5 -e n e )
(CCXXIII). -  C ho les te ry l  a c e t a t e  was n i t r a t e d  with fuming n i t r i c
39.Q aac id  u s in g  th e  co n d i t io n s  d esc r ib ed  by Anagnostopoulos and F i e s e r .  '  
6 -N i t ro c h o le s t e r y l  a c e t a t e  was ob ta ined  in  81$ y i e l d ,  m.p. 102-104
( l i t . , 329a103-104)-
I r r a d i a t i o n  of 6 -N i t ro c h o le s t e r y l  Acetate  ( CCXXIII)  i n  E th a n o l . -
6 -R i t r o c h o l e s t e ry l  a c e t a t e  (2 g . )  i n  e thano l  (600 ml.)  was i r r a d ­
i a t e d  u n t i l  the  i n f r a r e d  spectrum of  a sample no lo n g e r  con ta ined  
a maximum a t  1510 cm.  ^ due to  th e  u n s a tu ra te d  n i t r o  group. The 
crude product  was d i s s o lv e d  i n  petroleum from which a white c r y s t ­
a l l i n e  p r e c i p i t a t e  was d ep o s i ted .  This  was r e c r y s t a l l i s e d  from 
e thano l  to  give cho les t-4 -en .e -3 ,  6-dione 3-oxime (0.67 g*, 38$), 
m.p. 221-222; ^max 286 mk ( e l . 7 * 1 0 ^ ) ;  "Vmax. 3580, 3290, I 685,
1600 cm. The i n f r a r e d  spectrum was i d e n t i c a l  to  t h a t  of  an 
a u t h e n t i c  sample of  c h o le s t -4 - e n e -3 ,6 -d io n e  3-oxime; no d ep re s s io n  
i n  m.p. was observed on admixture o f  the  two samples. (Found:
C, 78.1? H, 10 .5 ;  N, 3 .5 .  C27H43N02 reclu l r e s s  c > 78 .4 ;  H, 10 .5 ;
N, 3*4$)*
The petroleum r e s id u e s  were chromatographed on s i l i c a  g e l .
E lu t io n  w ith  a 1:1 mixture of  p e t ro leu m  and benzene gave 6 - n i t r o -  
c h o l e s t a - 3 , 5-3-1ene (O.O46 g* ? 2.5$) a f t e r  r e c r y s t a l l i s a t i o n  from 
e th an o l ,  m.p. 72-73*5 ( l i t . , ^ ^  72-73);  *V max.1500, 1625 cm. ^
(Found: C, 78 .2 ;  H, 10 .2 .  C27H43^°2 reclu i r e s :  78.4;  H, 10-5$)*
E lu t io n  with  a 4:1 mixture o f  benzene and chloroform gave 3p -
ace toxycho les t -4 -en -6one  (0.130 g . ,  6.9$) a f t e r  c r y s t a l l i s a t i o n
0 33 5 afrom e thano l ,  m.p. 109? i d e n t i c a l  w ith  a u t h e n t i c  m a te r i a l  ( l i t . ,  110) .
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C.holest-4-ene-3*6-dione 3-0xime (CCXXV). -  (a )  A s o lu t io n  o f  6-
*3 /*
e thoxycho le s ta -4> 6-d ien -3 -one  (1 .3  g*) i n  e thano l  (50 m l. )  was 
hea ted  under  r e f l u x  f o r  1 h r .  with hydroxylamine' hydroch lo r ide  
(0 .25  g*) and sodium a c e ta t e  (0 .30 g . ) i n  w ate r  (5 m l . ) .  A f te r  r e ­
moval o f  e thano l  a t  reduced p r e s s u r e ,  water  was added and the  p reo -  
i p i t a t e  f i l t e r e d  o f f ,  washed, and d r i e d .  Without f u r t h e r  p u r i f i c ­
a t i o n ,  th e  6-ethoxy-3-oximinocholes ta-4>  6-di-ene thus  ob ta ined  was 
hea ted  under  r e f l u x  f o r  5 min. i n  85$ a c e t i c  ac id  (10 m l . ) .  The 
c r y s t a l l i n e  p r e c i p i t a t e  was f i l t e r e d  o f f ,  washed w ith  w ate r ,  and 
r e c r y s t a l l i s e d  from e thano l  to  give c h o l e s t - 4 - e n e - 3 56-dione 3-oxime 
(0 .72  g . ,  51%), m.p. 221-222°.
(b) Cholest-^4~ene-3>6-dione (2 g . ) i n  e thano l  (40 m l.)  was hea ted  
under  r e f l u x  f o r  45 niin. with hydroxyl amine hydroch lo r ide  (0 .36  g . ) 
and anhydrous sodium a c e ta t e  (0 .70  g . )  i n  w ate r  (10 m l . ) .  A f te r  
removal o f  e thano l  a t  reduced p r e s s u re ,  water  was added and the  
p r e c i p i t a t e  f i l t e r e d  o f f ,  washed w ith  w ate r ,  and r e c r y s t a l l i s e d  
from e thano l  to  give cho les t -4 -ene -3> 6-d ione  3-oxime ( 0 .90  g . , 44$ ) ,  
m.p. 221-222°.
Cho les t -4 -ene-3s  6-dione (CCXXIV). -  Choles t-4 -ene-3>6-d ione  3-oxime 
(0 .15  g*) was hea ted  under r e f l u x  f o r  9 h r .  i n  g l a c i a l  a c e t i c  ac id  
(8 m l . )  w ith  sodium a c e t a t e  (0 .06  g . )  and pyruv ic  ac id  (0 .25  ml.)  
i n  w ate r  (2 m l . ) .  The c r y s t a l l i n e  p r e c i p i t a t e  was f i l t e r e d  o f f  and 
r e c r y s t a l l i s e d  from methanol to  give c h o l e s t - 4 - e n e - 3 *6-dione (0.11 g . ,
o
79$),  m.p. 122-125* This  m a te r i a l  was i d e n t i c a l  w ith  an a u th e n t i c  
sample ( l i t . , ^ ^  124-125)*
6 -N i t ro c h o le s ta -3 * 5 -d ie n e  (CCXXVIIl).- A s o lu t io n  of  3 /3 - c h lo r o - 6 -
■3 -5 £ '
n i t r o c h o l e s t - 5 - e n e  (0.30 g . )  i n  qu ino l ine  (10 m l.)  was heated  
under r e f l u x  f o r  15 min . ,  poured in t o  4^  h y d ro ch lo r ic  ac id ,  and the  
p roduc t  e x t r a c t e d  w ith  chloroform. The chloroform e x t r a c t  was 
washed w ith  d i l u t e  h y d ro ch lo r ic  ac id ,  w a te r ,  and then  d r i e d .  The 
so lv e n t  was removed a t  reduced p re s s u re ,  and the  o i l y  r e s id u e
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chromatographed on s i l i c a  g e l .  E lu t io n  with  a 4:1 mixture o f  
benzene, and petro leum gave 6 -n i t rocho le s ta -3> 5-d . iene  (0.072 g . ,  27$) 
which was r e c r y s t a l l i s e d  from e th an o l ,  m.p. 72-73*
3 ft -A ce toxycho les t -4 -en -6 -one  (CCXXXV) . -  -C h o le s tan -3 -o l -6 -o n e ,  
p rep ared  by t r ea tm en t  o f  6 - n i t r o c h o l e s t e r y l  a c e ta t e  w ith  zino dus t  
and a c e t i c  a c id ,  was converted  i n t o  the  3-ace toxy  d e r iv a t iv e  and 
subsequen t ly  brominated to  give 3/3 -acetoxy-5oC -b rom ocholes tan-6-  
one. On e l im in a t io n  of  hydrogen bromide in  p y r id in e  the  bromo 
compound gave the  r e q u i r e d  3[3 -a ce to x y ch o le s t -4 -e n -6 -o n e  i n  an 
o v e r a l l  y i e l d  of  10$, m.p. 110° ( l i t . 110) .
I r r a d i a t i o n  of  6 -N i t ro c h o le s ta -3 » 5 -d ie n e  (CCXXVIIl) i n  E th an o l . -  
6 -N itrocho les ta -3>5-h i® ne (0 .17 g*) was i r r a d i a t e d  i n  e thano l  (400 ml.)  
u n t i l  the  i n f r a r e d  spectrum no longe r  con ta ined  a maximum a t  1500 cm.*"  ^
due to  the  u n s a tu ra te d  n i t r o  group. The orude product  was d i s s o lv e d
r
i n  petroleum from which c r y s t a l l i n e  cho les t -4 -ene -3> 6-d ione  3-oxime 
(0 .08  g . , 47$) se p a ra te d .  A f te r  r e c r y s t a l l i s a t i o n  from e th an o l ,  
th e  oxime had m.p. 221-222°
I r r a d i a t i o n  o f  6 - N i t r o c h o l e s t e r y l  A c e t a t e  (C C X X III )  i n  C y c l o h e x a n e . -
(a)  6- N i t r o c h o l e s t e r y l  a c e t a t e  ( l  g . ) i n  cyclohexane (600 ml.)  was 
i r r a d i a t e d  f o r  40 min. when th e r e  was no evidence i n  the  i n f r a r e d  ■ 
spectrum of  any u n s a tu ra te d  n i t r o  group. The product  was chromato­
graphed on n e u t r a l  alumina (grade 4)* C r y s t a l l i n e  m a te r i a l  (0 .41 g* > 
44$) w ith  Vmax. 1735> 1690, 1635 cm.""'*’ v/as e lu te d  from the  column
ow ith  petroleum and had m.p. 109 a f t e r  r e c r y s t a l l i s a t i o n  from methanol; 
t h i s  m a te r i a l  was i d e n t i c a l  w ith  au th e n t io  3 p - a c e to x y c h o le s t - 4 - e n -  
6-one ( l i t . ,  110) .
Other compounds c o n ta in in g  s a tu r a t e d  and u n s a tu ra te d  n i t r o  
groups (Vmax. 1550* 1510 cm. ^) were shown to  be p r e se n t  i n  the  
r e s id u e s .
(b) 6 -N i t ro o h o le s te ry l  a c e t a t e  (2 .3  g*) was again  i r r a d i a t e d  in
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cyclohexane (950 m l . ) ,  and the  crude product chromatographed on 
s i l i c a  gel  (45 g*)* A n o n - c r y s t a l l i n e  f r a c t i o n  (0 .45  £•)  was 
e lu t e d  w ith  a 4 s1 mixture  o f  benzene and petro leum , and h a d m a x .  
a t  1725 > I 64O, 1550 cm. ^ This  m a te r ia l  i s  b e l ie v e d  to  be a mixture 
of  the  6 o t - n i t r o  and 6 ^ - n i t r o  d e r i v a t i v e s  o f  3 - a c e t o x y c h o l e s t - 4-  
ene.
3p -A c e to x y c h o le s t -4- e n - 6-one w ith  m.p. 110 from methanol (O.JO g . ,  
24$) was e l u t e d  from t h i s  column with  chloroform.
6- N i t r o c h o l e s t e r y l  T r i f l u o r o a c e t a t e  (6 -N i t ro -3  f t - t r i f l u o r o a c e t o x y -  
c h o l e s t - 5- e n e ) . -  6- N i t r o c h o l e s t e r o l  (2 g . ) was d i s s o lv e d  i n  t r i f l -  
u o r o a c e t i c  anhydride (10 m l.)  and th e  s o lu t io n  hea ted  g e n t ly  under 
r e f l u x  f o r  90 min. On a d d i t io n  of  t h i s  s o lu t io n  to  w ate r ,  a white  
p r e c i p i t a t e  o f  6- n i t r o c h o l e s t e r y l  t r i f l u o r o a c e t a t e  was ob ta ined  ( 1 .72  g . ,
o
70$6) and r e c r y s t a l l i s e d  from e th a n o l ,  m.p. 117- 118. 5 ; Ymax. 1780,
1515, 1155 cm. -1  (Pounds C, 66.0:  H, 8 . 6 . C„„H^P,N0,N 7 7  29 44 3 4 r e q u i r e s :
‘ C, 66 .0 ;  H, 8.456).
I r r a d i a t i o n  of  6- N i t r o c h o l e s t e r y l  T r i f l u o r o a c e t a t e  in  E th a n o l . -  6-  
N i t r o c h o l e s t e r y l  t r i f l u o r o a c e t a t e  ( l  g . ) was i r r a d i a t e d  i n  e thano l  
(400 m l .)  as d e s c r ib ed  f o r  6- n i t r o c h o l e s t e r y l  a c e t a t e .  C h o le s t -4 -  
e n e -3 , 6-d ione  3-oxime ( 0.31 g*, 40$ ) ,  m.p. 220-222 was ob ta ined  by 
c r y s t a l l i s a t i o n  from petro leum.
I r r a d i a t i o n  o f  3 f l - C h lo r o -6 - n i t r o c h o le s t - 5 - e n e . -  3 p -C h lo ro -6- n i t r o -  
c h o l e s t - 5-ene  (O.65 g#) was i r r a d i a t e d  i n  e thano l  (600 m l.)  f o r  45 
m in . ,  and th e  o i l y  product  chromatographed on s i l i c a  g e l .  E lu t io n  
w ith  a mixture o f  3:1 chloroform and benzene gave c h o l e s t - 4- e n e - 3 , 6— 
dione 3-oxime (0 .13  g*, 21$) which was r e c r y s t a l l i s e d  from e th a n o l ,  
m.p. 221- 222.
I r r a d i a t i o n  o f  6- N i t r o c h o l e s t e r o l  (CCXXXVIl) i n  E th a n o l . -  6- N i t r o -  
c h o l e s t e r o l  (2 g . )  i n  e thano l  (650 m l.)  was i r r a d i a t e d  as d e sc r ib ed  
f o r  6- n i t r o c h o l e s t e r y l  a c e t a t e .  The crude product  was chromato-
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graphed on s i l i c a  ge l (40 g . ) .  C ry sta llin e  m aterial with "Vmax. 
3590* 1545 cm.~^ in  the in frared  spectrum was e lu ted  from the column 
w ith a l x l  "benzene and chloroform m ixture. White n eed les having
o
m.p. 152-153 were se p a ra te d  by rep ea ted  r e c r y s t a l l i s a t i o n  u s in g
339methanol ,  and proved to  be 6 p - n i t r o c h o l e s t - 4 - e n - 3  (3 - o l  ( l i t . ,  
151-152).  There was no m.p. dep ress io n  on admixture w ith  an 
a u t h e n t i c  sample, and the  i n f r a r e d  s p e c t r a  o f  the  two samples were 
i d e n t i c a l •
E lu t io n  of  the  s i l i c a  gel  column with  4s1 chloroform and 
methanol mixture  gave 3 (3 -hydroxycho les t~4-en-6-one  (0 .47  g* >
37$) which had m.p. 151 a f t e r  r e o r y s t a l l i s a t i o n  from methanol .
335T his  was i d e n t i f i e d  by comparison with  an a u t h e n t i c  sample ( l i t . ,
o
m.p. 15T)*
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